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ABSTRACT 
Treatment of benzylic dithioacetals with cyclopropyl Grignard reagents in the 
presence of a catalytic amount of NiCl2(PPh3)2 afforded the corresponding conjugated 
dienes in satisfactory yields. The cyclopropyl Grignard reagent can be considered as an 
allyl anion synthon. The reaction shows high stereoselectivity to give (E)-isomers 
predominantly. Regioselectivity seems to occur when the substituent in cyclopropyl 
Grignard reagent is a phenyl group. The reactions with cyclobutyl- and cyclopentyl-
magnesium bromides behaved differently to afford cycloalkylidenes. The latter also gave 
the corresponding saturated reduced product. 
V 
1. INTRODUCTION 
Dithioacetal functionality has been known for over a century. 1 Traditionally, this 
moiety serves as a protective group of carbonyl compounds which can be removed easily 
by different methods.^ Alternatively, dithioacetal can be considered as a latent methylene 
group. It can undergo hydrogenolysis by various means to give the corresponding 
reduced product.^ More importantly, Umpolung of the reactivity of carbonyl compounds 
can be achieved through dithianes* (Scheme 1). 
n = 0’ 1 〇 
“ R 人 R1 
I n = 0, 1 H 〜 H 
X i ^ 入 1 
1 n = 1, R = H ^ 
(1) "BuLi (2) R^X S 乂 S 
R 八 R 2 
Scheme 1 
The synthetic utilities of dithioacetal were quite limited a decade ago, but the 
situation has been changed recently. Different types of transformation have been reported 
which enrich the chemistry of dithioacetal.^ 
1 
Dithiolane can be converted to mercaptan by n-butyllithium6 or tributyltin 
hydride3g’7. In the former case, a thioketone may be firstly generated which may then be 
reduced in situ with n-butyllithium to yield a secondary mercaptan (eq 1). In the latter 
case，one equiv of tributyltin hydride reacts with dithiolane to give p-(alkylthio)ethyl 
tributyltin sulfide 1 which can be destannylated to the corresponding mercaptan 2 (eq 2). 
Excess amount of tributyltin hydride wi l l cleave the second C-S bond to afford a 
hydrocarbon. 
-Bu l l ^ I SH 
r X r I “ R 人 R1 ⑴ 
f — \ R R 
Q Q BuaSnH ^ JL 八 丄 a 
——-R1 八 S ’ — R1 入 S ’ （ 2 ) 
^ ^ SSnBu3 SH 
1 2 
The reaction of dithioacetal with tributyltin hydride may give arise to cyclization. 
Dithioacetal 3’ by the action of tributyltin hydride, affords predominantly the five-
membered ring product 4 and a trace amount of the reduced product 5. The a-Sulfenyl 
radical 6 is believed to be the reaction intermediate (eq 3).8 
2 
C〇2Me 厂 C〇2Me _ 
J 2 BugSnH, AIBN | 
P h S - < S P h benzene, 
3 L SPh J 
6 
I u / C〇2Me , 
9 2 % V ^ C 0 2 M e ^ \ f ⑶ 
C〇2Me \ SPh Z 
4 5 
The conversion of the C-S bond in dithioacetals to the C-H bond may also occur 
by electroreductive method (eq 4).9 
PhS SPh e- PhS H 
R 入 R’ BU4NHSO4 R 乂 R' (4) 
Open-chain dithioacetal, after eliminating a mercaptan molecule, can be 
transformed into vinyl sulfide (eq 5). 10 
PhS SPh Phsci PhS^ CI (i-Pr)2NEt P h S \ 
c 叫 ^ \ X _ 》 — 一 (5) 
-78。C 
Generally speaking, dithioacetal is rather stable toward most of nucleophiles. One 
of the exceptions reported showed that allylic dithioacetal 7，upon treatment with lithium 
metal and trimethylsilyl chloride in THF, was reductively silylated (eq 6).n 
3 
3 / TMSCI ^ I + I (6) 
q TMS TMS 
7 
Desulfurdimerization reaction of dithioacetals with tungsten hexacarbonyl 
provides a useful entry to synthesize dimeric products. To illustrate this, fluorenone 
dithiolane 8 is transformed into the dimer 9 in excellent yield (eq 7). 12 The reaction can 
also proceed intramolecularly. Bridged bisdithiolane 10 is cyclized by the action of 
W(C0)6 in refluxing chlorobenzene (eq 8). 13 
8 9 
o Q O - o - ^ 
X , W(C0)6 . 丫 \ 
A (8) 
A = -(CH2)n-, -(CH2CH2〇CH2CH2)n-
Danishefsky has employed this method as a key step to synthesize 
isoindolobenzazepine alkaloid chilenine (11) (eq 9). 
4 
〈 O ^ r r ^ N 於 〇 C H 3 W(CO)e OCH 
s v CI ^ ^ 〇 C H 3 
— 一 — (9) 
^ ^ 〇 C H 3 
11 
The mechanism of the desulfurdimerization reaction of dithiolanes has been 
investigated. 15 Thioketone 12 is believed to be the intermediate which is formed through 
radical fragmentation. It may further react with W(CO)6 to generate a metallocarbene 
species 1 3 which dimerizes to give the corresponding dimeric product (eq 10). 
/ ~ \ s [W] 
sj\i\r\r »AAA/» -jyKn^ 
12 13 
„ 2 
— Y ^ Y ^ ^ (10) 
5 
The conversion of the C-S bond in dithioacetals to the C -0 bond is well 
documented. For example, silver ion has been used to induce the ring closure of 14 to 
afford an oxocene derivative 15 (eq 11).16 
EtS 〔 o ^ ^ ^ 
c f P 又 c T x ( 1 1 ) 
Me Me 
14 15 
Lewis acid can promote the coupling of dithioacetal with nucleophiles leading to 
the C-C bond formation. Dimethyl(methylthio)sulfonium fluoroborate (DMTSF)17a and 
Ph3CBF4l7b are two reagents reported for this purpose (eqs 12 and 13). 
〇 
MeS SMe dmtsF n o . 
MeS 
OTMS O SEt 
+ PhCH(SB)2 ’ C 严 4 ^ f ^ ^ ^ ^ y ^ P h (13) 
OH2CI2 
6 
The extension of Takei-Wenkert^S reaction to dithioacetals has been disclosed. 
Benzylic dithioacetals have been used to couple with Grignard reagents in the presence of 
bis(triphenylphosphine)nickel dichloride to give the corresponding olefinic products (eq 
14).19 
J “ ^ S RMgX R 
A r X ^ R i NiCl,(PPh3). I A r A ^ R i (“） 
The catalytic cycle for this reaction has been p r o p o s e d l 9，20 and is outlined in 
Scheme 2. Firstly, L^NiCl〗 may react with the Grignard reagent to give dialkylnickel 
complex 16 which undergoes reductive elimination to afford nickel (0) species 17. One 
of the C-S bonds of the dithioacetal is then cleaved by 17 to form a sulfur coordinated 
intermediate 18. In the next step, the alkyl group of the Grignard reagent may associate 
with nickel followed by a reductive elimination to give the corresponding alkylated 
intermediate 19. The second C-S bond is then cleaved by an oxidative addition 
immediately to give a sterically crowded intermediate 20. The alkyl group of the 
Grignard reagent may associate again with nickel, then a fast p-elimination occurs to 
afford the corresponding olefin 21 with the regeneration of nickel (0) complex 17. It has 
been suggested that the ligation of the first sulfur moiety to nickel is essential in this 





R 匕 2 _ 2 ^ ^ ^ 
皿 16 
Af" 乂 口 1 
^ 21 A r ^ ^ A 
+ XMgS SMgX v ， R - R , 
" NiLn ~ 
RMgX X 17 X 
V 、 
20 18 
\ T 】 J 
S R 尋 
19 
Scheme 2 
The reaction of dithioacetal 22 with methylmagnesium iodide yields coupled 
products 23 and 24 in a 1 to 2 ratio (Scheme 3). 19a it is obvious that the intermediate 25 
can undergo P-elimination in two orientations which account for the result 
8 
/ \ CHgMgl 
NiCI,(PPh3), Ph 入 / P h + p h A ^ P h 
22 23 24 
A 
r n 
[ N i k / C H 3 




Dithioacetal 26 is converted to the corresponding olefin 27 and the reduced 
product 28 upon treatment with isopropylmagnesium bromide under similar conditions 
(Scheme 4). 19a The formation of 28 may be rationalized by considering the intermediate 
29 which may undergo P-elimination to give the metal hydride 30. After reductive 
elimination, 28 is obtained. 
The coupling reaction of dithioacetals with Grignard reagents provides a versatile 
route to synthesize vinylsilanes and allylsilanes. The former are prepared stereoselectively 
by treating dithioacetals of aromatic aldehydes with trimethylsilylmethylmagnesium 
chloride in the presence of a catalytic amount of NiCl2(PPh3)2 (eq 15)21 When acyclic 
dithioacetals containing p-hydrogen(s) are used, a mixture of allyl and vinylsilanes are 
usually produced (eq 16).22 The regioselectivity seems to be somewhat solvent 
dependent and more strikingly ring-size dependent23 
9 
‘ ~ ^ S ^ M g B r 
P h X p h NiCl2(PPh 3)2 P h z j \ p h + p h - ^ p h 
26 27 28 
P-elimination 「eductive 
elimination 
K I f ； , ] 
[ N i ] ^ 
P h ^ P h P h - ^ P h 
匕 J L _ 
29 30 
Scheme 4 
/ “ \ ^ T M S 
S S TMSCH^pMgCI 
A r ^ R NiCl2(PPh3)2 ^ ^ A ^ (巧） 
/~V ^TMS JYUS 
y S ™SCH,MgCI | + | (16) 
A r X / R NiCl2(PPh3)2 
The reactions of allylic dithioacetals with Grignard reagents have also been 
studied. Thus, (E)-1 - trimethylsilyl-1,3-butadienes 31 could be regioselectively and 
stereoselectively synthesized by treating allylic dithioacetals with trimethylsilyl-
methylmagnesium chloride (eq 17)24 Alternatively, treatment of trimethylsilyl 
substituted allylic dithioacetals with methylmagnesium iodide give internal silylated 
butadienes (eq 18).25 
10 
R3 R3 
T ^ \ NiCl2(PPh3)2 T ^ 丁MS (17) 
31 
TMS 
A r ^ ^ ^ X : ^ • A r - ^ ^ ^ ^ (彳‘） 
On the other hand, allylic dithioacetals react with methylmagnesium iodide in the 
presence of NiCl2(dppe) to give predominantly, i f not exclusively, geminal dimethyl 
product 32 (eq 19) 26 
NiCl2(dppe) I ⑴ 
32 
These examples demonstrate that the nickel-catalyzed coupling reaction of 
dithioacetals with Grignard reagents furnishes a new entry in organic synthesis. Further 
investigation of this reaction is worthy in order to widen its synthetic utilities and to grasp 
a clearer picture of the mechanism involved. Considering the mechanism of the reaction 
shown in Scheme 2, intermediate 20 is involved. Accordingly, i f cyclopropyl-
magnesium halides are employed, a cyclopropylcarbinylnickel intermediate 33 wi l l be 
obtained. It may undergo rearrangement to homoallylnickel species 34 followed by p-
hydride elimination to afford butadiene (eq 20). In fact, such kind of rearrangement has 
1 1 
been sporadically appeared in l i t e r a t u r e s �"？ though its application in diene synthesis is 
rare.27 A brief review on such rearrangement is summarized below. In addition, the 
rearrangement of cyclobutylcarbinyl metal species will also be included for comparsion. 
[ N ^ ^ l — P v ^ 岡 1 — ( 2 。 ） 
A 广 R R R 
L J • • 
3 3 34 
Cyclopropylcarbinylmagnesium chlorides are found to exist in eqdlibrium with 
homoallylmagnesium cWorides.28 The extent of equilibrium depends on the substituents 
in the cyclopropyl ring. To illustrate the point, 35 is present to an extent of only 0.07 % 
relative to its primary ring-opening isomer 36 (eq 21). However, 37 exists over 99.9 % 
since the open-chain isomer 38 must necessarily be tertiary which is destabilized (eq 22). 
Boron29 and titanium^O analogues also undergo a comparable ring cleavage. 
^ . — ^ ^ ^ ^ ^ ^ " " ^ X ^ ^ M g C I (21) 
MgCI 
35 36 
^ r ^ M o C , ^ X ^ M g C . (22) 
37 38 
12 
Lehmkuhl reported a nickel-assisted r ing opening process of 
methylenecyclopropane.31 Complex 39 rearranges to homoallylnickel species 40 which 
undergoes p-elimination followed by insertion at higher temperature to afford k-
allylnickel complex 41 (eq 23). Substituted methylenecyclopropane 42 rearranges 
similarly in a regiospecific manner to give complex 43 in 62 % yield (eq 24). 
Methylenecyclobutane converts to r|l,ri2-4-pentenylnickel complex 44 under similar 
conditions (eq 25). 
, � 3 20°C f X T ' ! C p N i - ^ 




「 / 1 
40°C C p N i \ \ \ — ^ 
^ ^ ^ ^ ^ ^ • CpNi j \ _ (23) 
L 」 41 
V ^ c _ 1 p p N i ^ y C p N i ^ ^ 
42 43 
「 NiCp . 
^ ~ Cp,Ni ‘ L 
— ^ • ^ — — ——• \ / (25) 
丨 P _ B r 12% 乂 
- 麵 44 
13 
Green studied the stereochemical aspect of chloropalladation of 
methylenecyclopropane in detaiL32 Prolonged stirring of an equimolar solution of trans-
2,3-dimethoxycarbonylmethylenecyclopropane (45) and Pd(MeCN)2Cl2 gives ti3-[3-
chloro-1,2-bis(methoxycarbonyl)but-3-enyl]-palladium (II) complex (46). A n ” 2 -
complex 47 was isolated from the reaction mixture and is believed to be the intermediate. 
After chloropalladation of the co-ordinated olefin, a cyclopropylcarbinylpalladium 
complex 48 is generated, which is expected to proceed ring opening in a concerted 
manner as shown in Scheme 5. The cis-isomer 49 reacts similarly with Pd(MeCN)2Cl2 
to afford Tj^-complex 50，but in a much faster rate (eq 26). 
、C〇2Me 9 ° 2 M e 
y 、 Pd(MeCN)2C 丨 2 CI Y ^ C 〇 2 M e 
— 一 、 P d 〈 2 





,C〇2Me CI ,C〇2Me 





7。〇2^® C k 、、、⑵2Me 
/ Pd(MeCN)2C 丨 2 丫 l" 
k / i d 少 （ 2 6 ) 
C〇2Me CI 
49 50 
Larock prepared 7C-allylpalladium compounds by treating vinylcyclopropane with 
organomercurials and palladium salts (eq 27).33 The mechanism proposed involves a 
similar cyclopropylcarbinylpalladium-homoallylpalladium rearrangement (Scheme 6)， 
though entirely di f ferent mechanisms have been suggested e l s e w h e r e . 3 4 
Vinylcyclobutane 51 reacts in an analogous manner to give an isomeric pair of K-
allylpalladium complexes 52 and 53 (eq 28). 
^ ^ P d C I 
+ RHgCI + Li2PdCl4 ——• r (27) 
r K - s ^ + ^ ^ (23) 
~ 2 ^ P d C I 2 j ^ P d C I ⑶ 
51 52 53 
Methylenecyclopropane and methylenecyclobutane can also be used to prepare k-
allylpalladium complexes (eqs 29 and 30).33 In the latter reaction, it is extraordinary that 
palladium at one time or another is bonded to every carbon of the original olefin. Another 
remarkable observation is the ability of palladium to migrate considerable distances by (3-
hydride elimination-reinsertion without the formation of the corresponding olefin. 
15 
RHgCI + P d C l / - • RPdCIa^" + HgCI? 
PdC 丨 32-
RPclCIa'- + ^ ^ ^ ^ ^ 一 R ^ ^ ^ J v ^ — ^ 
H 
2 cr 




— — ^ ( 2 9 ) 
R PdX 
^ XPd J I 
1 RHgCI ^ z ^ r ^ R 
P d C I , ^ 
(30) 
々 P d X 
2 
16 
In the catalytic carbopalladation of alkylidenecyclopropane having an internal 
nucleophile 54，cyclization occurs to give vinyl cyclopropane 55. This compound is 
produced by the intramolecular attack of the 7U-allylpalladium intermediate 56 arised from 
a series of reorganizations (eq 31).35 
^ Pd2(dba)3, dppe 二 ~ 
LZPDX E 
54 
LSPDX R R ？ 
i +PdL2 E E ^ 
56 55 
Catalytic carbopalladation of co-methylenebicyclo[n.l.O]alkanes was reported by 
Donaldson.36 7-Methylenebicyclo[4.1.0]heptane 57, upon treatment with halobenzene 
and sodium diethylmalonate in the presence of 1 mol % Pd(PPh3)4’ is transformed into a 
mixture of 1,4-diene 58 and 1,5-diene 59 (eq 32). The mechanism proposed is outlined 
in Scheme 7. A cyclopropylcarbinylpalladium-homoallylpalladium rearrangement was 
suggested as the key step. Intermediate 60 generated undergoes syn-p-hydride 
elimination to afford (olefin)palladium hydride 61. Loss of the ligand gives 1,4-diene 
58, while olefin insertion into the Pd-H bond gives a-complex 62. p-Elimination may 
give either 61 or 63. Deligation of 63 generates 1,5-diene 59. Further insertion to a-
complex 64 is unlikely to occur because the resultant cis-l,4-disubstituted cyclohexane 
would require one substituent in a sterically unfavourable axial position. 
17 
Ph Ph 
_ PhX，NaCHEg ^ / ” � 
L ^ , Pd(PPh3)4 乂 + 
57 58 59 
[Pd] 
H [Pd] H Ph H Ph 
P / \ 
H p H f 
H [Pd] 
H 
ea 61 62 
58 
u Ph 
伞 I J 
[Pd] [ p d ] ^ ^ 





Bercaw reported that [(Ti5_C5Me4)2SiMe2]Sc-H rapidly catalyzes the 
isomerization of methylenecyclopropane to butadiene by a mechanism which is likely 
comprised of olefin insertion followed by rearrangement and P-elimination (eq 33).37 
5 [ S c ] \ 
[(ti -C5Me4)2SiMe2]Sc-H ] 
入 . 人 _ 
^ ^ ^ ^ ^ ^ (33) 
As can be seen from the literature works discussed above, the rearrangement of 
cyclopropylcarbinylmetal is rich but the applications in organic synthesis have been rare. 
In this thesis, a new synthetic methodology using cyclopropyl Grignard reagents in the 
synthesis of butadienes wil l be disclosed.38 
1 9 
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2. RESULTS AND DISCUSSION 
2丄 Preparation of Dithioacetals 
Dithioacetals were prepared by Lewis acid promoted condensation of carbonyl 
compounds with thiols.39 The reaction was carried out in chloroform or acetic acid with a 
catalytic amount of boron trifluoride etherate (eq 34). The yields were good to excellent 
in general and the details are described in the Experimental Section. 
？ I ^ BF3.Et2〇 
人 + I ^ ― • s S (34) A 广 R HS SH ^ X ^ 
A r ^ R 
n = 0,1 
么 Coupling Reaction of Cyclopropylmagnesium Bromide with Benzylic 
Dithioacetals 
In preparing cyclopropylmagnesium bromide, cyclopropyl bromide was stirred 
under nitrogen atmosphere with magnesium turning in THF. The reaction was 
exothermic and it would complete within half an hour. At the end of the reaction, THF 
was removed under reduced pressure and the coupling reaction was carried out in 
benzene as the sole solvent. This step is essential in order to increase the yield. 
In the coupling reaction, dithioacetals were treated under nitrogen with 4 equiv of 
cyclopropylmagnesium bromide in the presence of 5 mol % of bis(triphenylphosphine)-
nickel dichloride in refluxing benzene for 18 to 24 h. After the usual workup procedure 
and chromatographic separation, the corresponding dienes were obtained in satisfactory 
yields (eq 35). The results are exhibited in Table L38a 
S S + T 5 二 。 ； 二 3 、 y (35) 
Af A Ar 入 R 
2 0 
Table 1. Coupling Reaction of Cyclopropylmagnesium Bromide with 
Benzylic Dithioacetals in the presence of NiCl2(PPh3)2 
-^nlQ： Substrme Product Yield (。/。） 
S丫 S J 
1 [ ^ ^ " Y S 65a 66a 66" 
^ ^ ^ ^ k X J 丨 s -^ J 
2 C C r ^ S 6 5 b 72b 
‘ ~ s Ph 
3 ^ X ^ 26 Y ^ 66c 88 
PhZ、ph Ph 
4 65d 66d 77。 
S S fj 
5 f Y " ^ 65e f f Y V ^ 66e 75^ 
_ n r^ 
60 L I ^ 65f ^ ^ 66f 70 
J 
r ^ ^ ^ S f 
63 
二 r ； was used instead of 1.3-dithiolane. the yield was 60 % 
b when 1.3-dith.ane was used instead of 1,3-dithio丨ane, the yield was 65 % 
(c) E/Z = 5; (d) E/Z = 13; (e) 5 equiv of cyclopropylmagnesium bromide was used 
2 1 
Dithioacetals of aromatic aldehydes reacted smoothly to give the corresponding 
substituted 1,3-butadienes (entries 1 and 2). The ring size of the dithioacetals did not 
cause significant discrepancy on the yields (entries 1 and 2). 
The structures of the dienes were proved by their ^H NMR data. Take 66b as an 
example, its ^H NMR spectrum is shown in Figure 1. The two partially resolved doublet 
of doublets at 5 5.21 and 5 538 were assigned to H^ and H^ respectively. The former 
has smaller coupling constant 10.5 Hz which is a typical cis-coupling constant while the 
latter has larger coupling constant 17.0 Hz which is a typical trans-coupling constant. 
The doublet of triplets at 5 6.57 was assigned to H^ since it is splitted by H^, H^ and H^ 
and the coupling constants of H^-U^ and U^-H^ are the same in this case. The doublet of 
doublets at 5 6.92 was assigned to H^. The coupling constants involved are 10.5 Hz and 
15.6 Hz. The remaining doublet at 5 6.72 with coupling constant 15.6 Hz was assigned 
to He. The aromatic absorptions fall into 5 7.40-7.81 region. The observation that H^ 
and He couple with each other with large coupling constant suggested that the product 
obtained was in (E)-configuration. The above assignments were confirmed by entensive 
proton decoupling experiments. The ^H NMR spectrum of 66a resembles that of 66b in 
the diene absorption region. By similar argument, (E)-configiiration was also assigned to 
66a. 
Dithioacetals of aromatic ketones can also react. 2,2-Diphenyl-1,3-dithiolane 
(26) afforded l,l-diphenyl-l,3-butadiene (66c) in 88 % yield (entry 3). The reactions 
of 2-aryl-2-methyl-1,3-dithiolanes with cyclopropylmagnesium bromide behaved 
similarly to give the corresponding dienes, but geometric isomers were formed in these 
cases (entries 4 and 5). 
The assignments of (E)-configuration to 1 -aryl-1 -methyl-1,3-butadienes 66d and 
66e were based on 2-D NOESY experiments. Figure 2 shows the ^H NMR spectrum of 
(E)-l-methyl-l-(2-naphthyl)- l ,3-butadiene (E)-(66e). The singlet at 5 2.27 was 
assigned to the methyl protons. The two partially resolved doublet of doublets at 5 5.23 
2 2 
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and 5 5.37 were assigned to H^ and H5 respectively. The doublet at 5 6.62 was 
assigned to H j while the doublet of doublets of doublets at 5 6.82 was assigned to H,. 
The aromatic absorptions lie in the region 5 7.38-7.84. The above assignments were 
supported by proton decoupling experiments. The NOESY spectrum (Figure 3) shows 
that there are spatial correlation between the methyl protons and H^, H5 and H。’ but no 
correlation with H^. This strongly suggested that the diene is an (E)-isomer‘ The iR 
NMR spectrum of (E)-66d has similar pattern in diene absorption region, so it was also 
assigned as (E)-isomer. 
It is well-doc腿ented that aryl halides can couple with Grignard reagents under 
similar reaction conditions.^O Consequently, substrates containing such functionality 
would also react, hence both cyclopropyl and butadienyl moieties being introduced in one 
step (entries 6 and 7). But at this time, 5 equiv of cyclopropylmagnesium bromide should 
be used. The assignments of ©-configuration to these dienes were also based on their 
IH NMR data. The coupling constants between ArCH= and ArCH=CH- are 15.2 Hz 
and 15.3 Hz for 66f and 66g respectively. These large values show that they are (E)-
isomers. 
The generation of butadienes in this coupling reaction is not unexpected. A 
reasonable mechanism may involve 33 as an intermediate. Rearrangement followed by 
p-hydride elimination may lead to butadiene (eq 20). The formation of 33 provides 
further evidence to support that coupling occurs prior to elimination in the nickel-
catalyzed coupling reaction of dithioacetals with Grignard reagents. 19-20 
岡 




Figure 2 ： IH NMR spectrum of CE)-l-methyl-l-(2-naphthyl)-l,3-butadiene (E)-(66ej 
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Figure 3 ： 2-D NOESY spectrum of (E)-l-methyl-l-(2-naphthyl)-l,3-butadiene (E)-(66e; 
Hb 
A i l A I ,uii I _ 
I ， I : 
i ‘ 
； < I L 3.Q0 
‘ ！ ^ 
I ； ! ' t I i p 
I i 
j i 
� 凑 . , I r 4 � � 
. ‘ ！ I 
• i 
I 
I . … t 3 .00 I - 厂 
； 1 




！ 匕 6 . 0 0 
I f 
.. I [ 
二孩 j t 
證？ '••： ： i [ 
I • I ^ 入 oc 
I c ； 
； p 祭 . . i f 
！ - i t 
； 乙 . 爷 i 专 
！ _ t 二 门 -
— 1 ： . 。 
C C M 
n ~ ； ~ ^ ~ ‘ ~ ™ • ~ ‘ “ “ '1 ‘~丨 1 ~ “ 
7 0 ； 二 n - ： ： n ： ， . ， ， , 一 
-PH 
2 6 
It is also worth noting that the reaction has good stereochemical control in 
generating dienes. In all cases, the stereochemistries of the C1-C2 double bond in dienes’ 
whenever applicable, are predominantly, if not exclusively, in (E)-configuration. 
The observed stereoselectivity can best be explained by considering the 
intermediate 33. In the ring opening process, there is a requirement of cis-coplanarity of 
the C-Ni bond and the p, y bond in the cyclopropyl moiety. Such conformation may lead 
to the best overlapping between the two bonds involved, then rearrangement can occur in 
a concert and low energy manner.32,36 This situation is similar to the case that (3-hydride 
elimination of transition metal complexes generally needs the cis-coplanarity of M-C-C-H 
atoms.41 According to this requirement, two conformations 67 and 68 may arise. Ring-
opening through 67 followed by p-elimination may afford (E)-isomer while ring-opening 
of 68 followed by P-elimination may give (Z)-isomer. When R = H, it is obvious that the 
conformer 67 is more stable than the conformer 68 from steric point of view. So (E)-
isomers were formed specifically. But when the size of R group increases from H to 
methyl group, the difference in size between Ar group and R group becomes smaller. 
Consequently, the selectivity decreases and a small amount of (Z)-isomers was formed 
through conformer 68 (Scheme 8). 
It is also noteworthy that in the reaction of 2-methyl-2-naphthyl-1,3-dithiolanes 
65d and 65e with cyclopropylmagnesium bromide, no vinyl cyclopropane derivatives 
69 were isolated (Scheme 9). This implied that rearrangement proceed faster than P_ 
hydride elimination. However, the reaction of tetralone dithioacetal 70 gave in 66 % 
yield a mixture of vinylcyclopropane 71 and butadiene 72 in 2 : 1 ratio (eq 36). 
Presumably, the cyclopropylcarbinylnickel intermediate 73 is highly crowded and 
simple p-hydride elimination takes place competitively. 
2 7 
[Ni] 
H 炎 一 / 二 / 
A f H ^ ^ ^ ^ ^ ^ L J ^ R Ar 人 R Ar 人 R 
67 (E)-isomer 
[Ni] 
— \ —V 
A r ^ ^ R Ar 人 日 Ar 八 R 
QQ (Z)-isomer 
Scheme 8 
S ^ S 「， K ] _ ⑶ 3 
Ar 八 CH3 Nia2(PPh3)2 A r ^ C H s 一 
65d Ar = 1-Np 
65e Ar = 2-Np ^ L 




NIC,(PP.3). ^ l i j ^ + [ I J L J (36) 
66 %; 2 : 1 V 
70 71 72 
[ 少 ] 
73 
2.5. Coupling Reaction of Cyclopropylmagnesium Bromide with 2-Aryl-
2-trimethylsilyl'l ,3-dithianes 
By utilizing the coupling reaction mentioned in the previous section, the reaction 
of 2-aryl-2-trimethylsilyl-1,3-dithianes 74 with cyclopropylmagnesium bromide would 
lead to (E)- 1-aryl-l-trimethylsilyM,3-butadienes 75 (eq 37)25 
2-Aryl-2-trimethylsilyl-1,3-dithianes 74 were prepared in excellent yields by 
treating the corresponding 2-aryl-l,3-dithianes 76 with n-butyllithium followed by 
trimethylsilyl chloride in THF. The dithianes obtained were then allowed to react with 
cyclopropylmagnesium bromide in the presence of a catalytic amount of NiCl2(PPh3)2 
(eq 37). 
A r X n A r ^ T M S NiC丨2(PPh3); I 
76 75 
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It is worthy to mention that the yields of the coupling reactions are susceptible to 
the reaction conditions (Table 2). Since dithianes 7 4 have bulky substituents, it is 
anticipated that higher reaction temperature should be employed. When refluxing toluene 
was chosen as reaction medium in the initial testings. The result was not satisfactory 
(entry 1). Longer reaction time (entry 2)，larger amount of Grignard reagent and nickel 
catalyst (entry 3) could not improve the yield, but a significant amount of dithiane was 
recovered from these reactions. Xylene was also tried, but no desired product could be 
formed (entry 9). These results indicated that the temperature of refluxing toluene might 
be too high for the reaction to complete. On the other hand, lower temperature would not 
be effective for the reaction to proceed (entries 4 and 10). The above dilemma could be 
solved by using benzene-toluene as solvent. The yield could be increased by utilizing 
such solvent system (entry 5) though a significant amount of dithiane was still recovered. 
Larger amount of nickel catalyst and different proportion of benzene to toluene were also 
tried，but the situations could not be improved (entries 11 and 12). Refluxing benzene-
toluene (1 : 1’ bp 二 120^0 seems to be the best reaction medium. Increasing amount of 
the Grignard reagent and the nickel catalyst, longer reaction time and higher concentration 
of the substrates were essential to drive the reaction into completeness (entries 6-8). 
Ultimately, an optimized condition was found (entry 8) which utilized 10 equiv of the 
Grignard reagent and 10 mol % of NiCl2(PPh3)2; equal volume of benzene and toluene 
were used in such a way that the initial concentration of dithiane was about 0.13 M (1 
mmol of dithiane required 4 mL of benzene and 4 mL of toluene). The mixture was 
refluxed for 4 days under nitrogen. By adopting such reaction conditions, all dithianes 
74a-d were consumed and the yields were good in general (Table 3). 
Figure 4 shows the ^H NMR spectrum of (E)-l-( l-naphthyl)-l-tr imethylsi lyl-
1,3-butadiene (75c). The singlets at 5 1.56 and 5 7.26 are due to residual water and 
chloroform respectively. The singlet at 5 0.07 was assigned to protons in the 
trimethylsilyl group. The aromatic absorptions occurred as a doublet of doublets at 5 
3 0 
Table 2. The Influence of Reaction Condit ions on the Yields of Silylated Dienes 7 5 
K. I 
j > ~ M g B r , NiCl2(PPh3)2 乂 
S S f 
A r ^ ^ T K / i o reflux A ^ 
Af ™ S Ar 八 TMS 
e n t r y Ar RMgXUSED NiCl,(PPh3)2 SOLVENT REACTION CONCENTRATION YIELD 以.丨,丨丨丨八、|「 
(equiv) USED (mole %) TIMF M'wOi m、 ,,, DIIHIANL 
^ IIML (days) (M) (%) RECOVHRliO (%) 
1 1-Np 4 6 PhCH3 0.17 0.07 33 • 
2 1-Np 4 5 PhCH3 1 0.03 23 75 
3 丨-NP 8a 10b PhCll3 1 0.03 34 仆 
4 [NP 4 5 PhCH3 (lOOOQ 5 0.03 11 
LO OJ 
一 5 丨柳 6 5 m m c i l 3 (1:1) 2 0.05 46 54 
6 卜NP 8 9 PhH-PhCIl3 0:1) 3 0.05 58 34 
7 卜Np 10 10 PhH-P丨丨CH3 (1:1) 3 0.11 61 9 
8 1-Np 10 10 PW!-P丨丨CH3 (1:1) 4 0.13 79 () 
9 2-Np 4 5 V , 
) Xylene 1 0.03 0 71 
Ph 10 10 PhH 2 0.05 .6 -
H P-™ 8 5 PhH-PhCH3 (1:2) 5 0.06 33 . 
P-Tol 8 50 PhH-Pl.Cll3 (2:1) 5 0.06 45 • 
a: added in three portions with 6 li intervals 
b: added in two portions with 12 h interval 
-:noi determined 
Table 3. Preparation of Silylated Dienes 75 
76 74 Yield (%)' 75 Yield 
八3 S S y S 1 
76a 74a 75a 
r ^ r ^ I 
S 乂 S ^ S s ^ 
76b 74b 75b 
H TMS 1 。 ™ S ^ ^ ^ ^ 
76c 74c 75c 
r ^ I 
S ^ S s S I 
76d 74d 75d 
(a) based on 76; (b) based on 74 
7.04，and multiplets at 5 7.40-7.48 and 5 7.71-7.86. The doublet of doublets at 5 4.98 
and 5 5.30 were assigned to Ha and H^ respectively. The quasi doublet of triplets at 5 
5.91 was assigned to H^ and the doublet at 5 6.78 was assigned to H^. The above 
assignments were supported by proton decoupling experiments. 
The assignment of (E)-configuration to this silylated diene was based on its 2-D 
NOESY spectrum (Figure 5). It can be seen that the protons in the trimethylsilyl group 
3 2 
Figure 4 ： IH NMR spectrum of (E)-l-(l-naphthyl)-l-trimethylsilyl-l,3-butadiene (75c) 
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Figure 5 ： 2-D NOESY spectrum of (E)-l-(l-naphthyl)-l-trimeihylsilyl-1,3-butadicnc CI5c) 
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3 4 
spatially correlate with H^ but do not spatially correlate with H^ and H。. If 75c has (Z)-
configuration, H^ must correlate with protons in the trimethylsilyl group due to their near 
distance. Hence, (E)-configuration was assigned to it. The ^H NMR spectra of the other 
silylated dienes 75a-b，d have similar pattern in diene absorption region, so (E)_ 
configuration was assigned to each of them. 
Expectedly, the reaction has high stereoselectivity to give (E)-isomers 
exclusively. Such selectivity can be attributed by considering the two conformations of 
the reaction intermediate. Since trimethylsilyl group is larger that aryl group, it is clear 
that the conformer 77 is more stable that the conformer 78. So after ring-opening 
followed by p-elimination, (E)-isomers were formed selectively. 
[Ni] [Ni] 
77 78 
In an attempt to confirm the stereochemistries of these silylated dienes 75，75c 
and 75d were treated with maleic anhydride in refluxing toluene or xylene. No desired ’ 
products were formed, but starting dienes were recovered. Presumably, the steric 
hindrance arised from 1,1 -disubstituted-1,3-butadienes precluded the formation of the 
adducts. 
The above examples illustrate that cyclopropyl anion can be considered as an allyl 
anion synthon in 1,3-butacliene synthesis. But it is noteworthy that when allyl Grignard 
reagent is used in such coupling reaction, 1,3-butadienes are formed at most as the side 
products. For dithioacetals without P-hydrogen, coupling reaction with NiCl2(dppe) as 
3 5 
catalyst gave bisallyl products (eq 38) I f dithioacetals having p-hydrogen(s) were 
coupled with allylmagnesium bromide, 1,4-dienes were isolated in good yields (eq 39).42 
These results show that the role of cyclopropyl anion is unique in these coupling 
reactions to generate 1,3-butadienes. 
. X 口 NiCl2(dppe), PhH (38) 
A r ^ ^ ^ A N i C l 2 ( d p p e ) / N i C l 2 ( P P h 3 ) 2 , PhH ^ ^ ^ ^ 
2•义 Coupling Reaction of Substituted Cyclopropylmagnesium Bromides 
with Benzylic Dithioacetals 
The discussion in previous sections demostrates that the nickel-catalyzed coupling 
reaction of dithioacetals with cyclopropyl Grignard reagent provides a useful entry to 
synthesize substituted 1,3-butadienes. When substituted cyclopropyl Grignard reagent is 
used，the intermediate 79 would be expected to undergo ring opening process in two 
different manners. Path a would lead to 80 which would yield 81 where the substituent 
R l is at internal carbon atom. On the other hand, path b would give 82 which would 
result in the formation of terminally substituted butadiene 83 (Scheme 10). In order to 
test the generality of this newly discovered olefination reaction, it is desirable to 
investigate the effect of these substituents on the selectivity of the ring cleavage process. 
Accordingly, several substituted cyclopropyl bromides were prepared for this purpose. 
3 6 
path a ^ f ^ R i _ _ ^ 
Y A r 人 R A 人 
[ N i ] / ^ 一 80 81 
Ar R .R^ 
79 
path b ^ ^ 
82 83 
Scheme 10 
The preparation of substituted cyclopropyl bromides comprised of 
dibromocarbene addition to the corresponding olefins by Doering-Hoffmann procedure, 
followed by semi-reduction with tributyltin hydride (eq 40)‘43 Four olefins，1-hexene’ 
styrene, 1,1-diphenylethene and cyclohexene, were treated with bromoform and 
potassium tert-butoxide in hexane to give the corresponding dibromocyclopropane 84 in 
moderate yields. The semi-reduction then went smoothly using tributyltin hydride. Both 
cis and trans or exo and endo isomers, whenever applicable, were formed after 
reduction. They were converted to the Grignard reagents directly without separation. The 
results are compiled in Table 4. 
1 Br Br Br 
CHBra, 'BUOK ^ X ^ BuaSnH 入 
> = \ • R V x \ • R V X \ (40) 
R 2 R 3 hexane ~ 
84 85 
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Table 4. Preparat ion of Substi tuted Cyclopropyl Bromides 
O j — ^ Yield {%f ^ Yield (%)' 
Br Br Br 
43 52。 
84a 85a 
八 Br. Br Br 
84b 85b 
Ph Br Br f 
36 - ^ ^ ^ ^ ^ P h 62 
Ph ^ ^ p h ^ P h 
84c 85c 
r ^ r ^ B 「 y B f 
/ 50 「 T/ 63 
84d 85d 
(a) based on olefins; (b) based on 84; (c) cis : trans = 3 : 2 ; 
(d) cis : trans = 4 : 3 ; (e) exo : endo = 2 : 7 , 
trans-Stilbene，being a poor nucleophile and sterically hindered olefin, cannot be 
converted to gem-dibromocyclopropane by the above method.44 Trihalomethyl 
derivatives of mercury seem to be the best choice to react with such substnite.45 The 
synthetic scheme consisted of several steps. Firstly, mercuric bromide was treated with 
phenyl magnesium bromide to give phenylmercuric bromide in quantitative yield. 
Phenylmercuric bromide, upon treatment with bromoform, potassium ten-butoxide and 
3 8 
ten-butanol, was then transformed into phenyltribromomethylmercury (86)46 which was 
then allowed to react with trans-stilbene to afford l,l-dibromo-2,3-trans-diphenylcyclo-
propane (87). The desired monobromide 88 was obtained after semi-reduction with 
tributyltin hydride (Scheme 11). 
HgBfp + PhMgBr ^ PhHgBr + MgBro 
100 % 
t t t h f 
PhHgBr + CHBfg + 'BuOK + ^BuOH • PhHgCBrg 
58 % 
86 
B r 、 B r 巳厂 
fzPh PhHgCBr3 ^ ^ X f BugSnH、 X. 
P\/ 64 % y 、 93% / \ 、 
P h , Ph p i / Ph 
87 88 
Scheme 11 
The substituted cyclopropyl bromides prepared were then stirred with magnesium 
powder in THF to transform into the corresponding Grignard reagents. A catalytic 
amount of ethylene dibromide was added to initiate the reaction. After the formation of 
the Grignard reagent, the solvent was evaporated in vacuo, then the dithioacetal and the 
catalyst were charged in. In a typical procedure, dithioacetal was treated under nitrogen 
with 4 equiv of Grignard reagent in the presence of 5 mol % of NiCl2(PPh3)2 in 
refluxing toluene for 2 to 3 days. After the usual workup procedure and chromatographic 
separation, the corresponding diene was obtained. The results are summarized in Table 
5. 
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Table 5. Coup l ing React ion of Subst i tu ted Cyc lopropy lmagnes ium Bromides wi th 
Benzylic Dithioacetals in the presenceof NiCl2(PPh3)2 
Run Substrate RMgBr Product(s) Yield (。/。） 
门 /日u 
1 S s MgBr J I 
Ph^Ph j T J "Bu 62^ 
26 92 Ph Ph Ph Ph 
90a 91a 
丨广 
2 26 ，B r U 入 
- ^ P h Jl Ji 62。 
93b Ph Ph Ph Ph 
90b 91b 
3 S S 9 3 b 7 8 
76a 94 
MgBr Ph 




5 76a 100 69 
90b Ph 
.Ph Ph、 
MgBr [j j l 
6 76a 丨 f ^ P h , A P h 68' 
Ph^ JJ I 
Ph"^  Ph^ 
101 104a 104b 
, M g B r f ^ f ^ 
7 26 O f J f ^ ^ 67^ 
106 Ph Ph Ph^Ph 
107a 108a 
8 Cf jP 67' 
106 Ph H Ph 人 H 
107b 108b 
(a) 903/91 a = 1; (b) 6 equiv of RMgBr was employed; (c) 90b/91b = 53/9. 
(d) 104ayi04b = 29/39; (e) 107ayi08a = 27/40; (f) 107b/108b = 40/27.’ 
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The coupling reaction of 2,2-diphenyl-1,3-dithiolane (26) with 2-substituted 
cyclopropylmagnesium bromide expectedly gave a mixture of two regioisomers (entries 1 
and 2). Clearly, ring opening as shown in intermediate 89a would give 90 while ring 
opening as shown in intermediate 89b would give the other isomer 91 (Scheme 12). 
When the substituent was a n-butyl group, the intermediate might undergo a non-selective 
ring-opening process followed by a rapid p-hydride elimination to give the two isomers 
90a and 91a in a 1 to 1 ratio (entry 1). While the substituent was a phenyl group, 90b 
became the major product (entry 2). The result was even more striking when the 
Grignard reagent 93 was coupled with 2-phenyl-l,3-dithiane (76a). The reaction 
proceed in regiospecific manner to give (E,E)-1,4-diphenyl-1,3-butadiene (94) in good 
yield (entry 3). 
- . R 1 广 R 
p h 入 p h 人 
8 9 a 9 0 
J 
r 
p h ^ ^ P h R ‘ ^ 




Although the regioselectivity cannot be fully accounted at this stage, the phenyl 
group in the cyclopropyl moiety may coordinate to the nickel in the intermediate. Hence, 
95 becomes a favourable conformation so that dienes 90b and 94 were formed 
regioselectively. 
厂 Ph 1 
P H 八 R 
L • 
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When both hydrogens at the C〗position of cyclopropylmagnesium bromide were 
replaced by phenyl groups, dienes having substituents at both terminal carbons were 
obtained as the sole products (entries 4 and 5). The regiospecific formation of dienes 
may due to two reasons. Firstly, the intermediate 96 may rearrange to 97 and 98. 
Although 97 may be less crowded or more stable than 98，it cannot undergo a further [3-
hydride elimination. Alternatively, 98 may proceed p-elimination to give diene 99 
(Scheme 13). Secondly, coordination may occur between phenyl group in cyclopropyl 
moiety and nickel in the intermediate. Such kind of coordination may lead to 98 
preferentially, so dienes 99 were the sole products. 
The coupling reaction of 2-phenyl-l,3-dithiane (76a) with trans-2,3-
diphenylcyclopropylmagnesium bromide (101) gave a mixture of products (entry 6). 
The formation of these dienes may be rationalized by considering the stereochemistry 
involved during the course of the reaction (Scheme 14). Intermediate 102 may afford 
homoallylnickel species 103 through rearrangement. After a C-C bond rotation in such a 
4 2 
^ [ N i ] 
/ / - 广 P h 
P h 人 R 
[Ni], 97 
P h ^ R Ph — Dh 
J Ph 
P ^ J P h ^ P h 
96 p [ N i ] I 
^ r — ^ ^ 
P h入R P h入R 
98 99 
Scheme 13 
way that the C-Ni and C-H bonds are coplanar, p-elimination proceed to give diene 
104a.41 The product 104a may undergo a Ni-H readdition to give allylnickel species 
105. A C-C bond rotation followed by p-elimination may give the second product 
104b. 
The reactions with bicyclic Grignard reagent were interesting. For 7-
norcarylmagnesium bromide (106), the coupling reaction gave a mixture of isomeric 
non-conjugated dienes 107 and 108 (entries 7 and 8). As mentioned earlier, there is a 
requirement of cis-coplanarity between the C-Ni bond and the C-C bond to be migrated in 
order to undergo a ring opening p r c x e s s . 32,36 Thus, the rearrangement of intemiediate 
109 would give homoallylnickel intermediate 110. Such species may undergo p-
elimination but the stereochemical requirement prohibits the generation of the conjugate 
diene, hence, nickel complex 111 may be formed. After disengagement, 1,4-diene 107 
wi l l be obtained. Alternatively, 111 may undergo an olefin insertion to give 112. A P-




Ph [ N i ] v ^ P h H ^ ^ N i ] 
f ^ ' ^ P h 一 ' r t h H = ' A H — 
Ph H P h ^ H Ph 入 H 
102 103 
^ P h u P^J nu H ^ 
f^ H 々 H P h ^ H 
[Ni-H] addition . ^ 女 _ ^ 工 
j T P h ’ M l . m . n a t . o n — . Y r I ^ ' ^ ^ ^ V ^ ^ N i ] 
Ph H P h ^ H P h ^ H 
104a 105 
Ph 
P-el iminat ion u 
- I — 
[Ni-H] addition 丁 卜门 
P h 入 H 
104b 
Scheme 14 
O 岡 Y ^ H ^ ^ 
[ n " 1 ] 、 实 — f ^ — 由 
P h ^ R Ph 入 R Ph 入 R 
109 110 111 
[Ni] • I 
1 [Nil] T 
J L / \ 107 
r ^ H 
‘ ^ 108 




The structures of dienes 1 0 7 b and 108b were proved by independent synthesis. 
The synthetic scheme is outlined in eq 41. After being treated with tributyltin hydride, 
phenylacetylene was converted to (E)-l-phenyl-2-tributyIstannylethcne ( 1 13) 47 it was 
then transformed into (E)-l-iodo-2-phenylethene (114) by the action of iodine.朴 
Finally, 114 was treated with cyclohexene in the presence of a catalytic amount of 
Pd(0Ac)2 and PPh]，and silver carbonate in acetonitrile49 to give 1,4-diene 107b and 
l’5-diene 108b in a 5 to 1 ratio. Obviously, the 1,5-diene 108b was afforded due to the 
Pd-H addition followed by p-elimination of 107b. The presence of silver carbonate 
could not completely inhibit the double-bond isomerization.50 This result is contradicted 
with that reported in Iiterature.49 Nevertheless, the results shown here suggested that 
rapid migration of double bond in 107b may occur in the presence of a metal hydridic 
species generated in situ (eq 42). 
p h - r . = p — H 日U3SnH,hvL SnBus 
7 8 % p / ^ ^ P h 厂 
113 114 
cyclohexene, CH.^ CN J \ J . 
Pd(〇Ac)2，PPha, A g ^ C O s ~ " " I | ⑷） 
45%; 5 : 1 P h 入 H P h ^ H 
107b 108b 
^ A J 剛 ， , J o 
p ^ ^ (42) 
Ph 入 H P h - ^ H 
107b 108b 
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2'5 Coupling Reaction of Cyclobutyl- and cyclopentyl-mag ne s i ii m 
Bromides with Benzylic Dithioacetals 
It is particularly noteworthy that throughout this investigation, cyclopropylidene 
derivatives have never been observed. This may due to the inherent strain of the 
molecule. However, cyclobutylidene products 115 were obtained as the sole products 
when cyclobutylmagnesium bromide was allowed to react with benzylic dithioacetals 
under the same conditions (eq 43). The fact that the cyclobutylcarbinylnickel intermediate 
116 undergoes simple p-hydride elimination rather than rearrangement is different from 
the work reported by L e h m k u h L 3 1 a The reason is not clear at this stage. 
M 八 
MgBr < > 
S s ^ ^ S + _ / NiCl2(PPh3)2 Y 
R1 入 r 2 U ^hH, reflux ^ 人 ？ （<3) 
1 1 5 
(a) r 1 = r 2 = Ph, n = 0 70 % 
(b) r1 = 2-Np, r 2 = H，n = 0 72 % 
(c) r 1 = 2-Np, = H, n = 1 75 % 
f 1 




The coupl ing reaction of 2,2-diphenyl-1,3-di th ioIane (26 ) with 
cyclopentylmagnesium bromide also behaved differently. Besides the cyclopcntylicne 
derivative 117，the corresponding saturated reduced product 118 was also obtained (eq 
44). The reaction is very similar to the case of isopropyl Grignard r e a g e n t . 19a 
Obviously, p-elimination of the intermediate 119 can occur in two different manners. 
The formation of 117 is expected. On the other hand，p-elimination can also occur on 
the other cyclopentyl moiety, leading to 120. The reduced product 118 was obtained 
from the reductive elimination of 120. 
r\ T O O 
P h X p h + ( S = 二 二 Y + Y ( - ) 
o e u P h ^ P h P h ^ P h 26 
117 118 
19 % 47 % 
9 ol o 





In conclusion, a novel synthetic method of butadienes has been developed. The 
reaction involves an unprecedented procedure using cyclopropyl anion as an allyl anion 
synthon. The reaction is simple and starting materials are easily accessible. Besides, the 
reaction shows high stereoselectivity to give (E)-isomers predominantly. For coupling 
reaction involving substituted cyclopropyl Grignard reagents, regioselectivity seems to 
occur when the substituent in cyclopropyl moiety is a phenyl group. Moreover, the 
results depicted here give additional support on the mechanism of the coupling reaction 
between benzylic dithioacetals and Grignard r e a g e n t s . 19 -20 As discussed earlier, 
cyclopropylcarbinylnickel 33 is likely to be the intermediate. Its formation strongly 
indicates that C-C bond formation prior to p-elimination in this coupling reaction. The 
reactions with cyclobutyl- and cyclopentyl-magnesium bromides behave differently to 
give cycloalkylidenes. The latter also gives the saturated reduced product. 
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3. EXPERIMENTAL SECTION 
3.1. General Directions 
Melting and boiling points are uncorrected. Infrared spectra were recorded on a 
Nicolet 20SX FT-IR spectrophotometer or on a Perkin-Elmer 283 spectrophotometer, 
and only prominent absorptions are reported. Proton NMR spectra were determined at 
250 MHz using a Bruker W M 250 Fourier transform spectrometer unless otherwise 
specify (at 60 MHz using a JOEL PMX-60 NMR spectrometer or at 90 MHz using a EM-
390 NMR spectrometer). Chemical shifts are given on the 5 scale with tetramethylsilane 
as internal reference (5 = 0 ppm). For compounds containing trimethylsilyl group, the 
spectra were referenced internally by assigning the absorption of the residual chloroform 
as 5 7.26. Coupling constants are quoted in Hertz (Hz). Two-dimensional NMR 
experiments were acquired using a Bruker W M 250 spectrometer with standard Bruker 
software, and processed using the array processor coupled to an ASPECT 3000 
computer. Carbon-13 NMR spectra were recorded, using broad-band decoupling, at 
62.5 MHz on a Broker W M 250 spectrometer. Peak positions are taken in 5 scale by 
using CDCI3 with assigned value of 5 77.0 as internal standard. A l l NMR spectra were 
recorded on solutions in CDCI3. Mass spectra (70 ev) were obtained on a VG7070F 
mass spectrometer. Elemental analyses were performed at National Taiwan University. 
A l l reagents and solvents used were reagent grade. Further purification by 
standard procedures^^ was employed when necessary. Tetrahydrofuran was freshly 
distilled from sodium benzophenone ketyl. Benzene and toluene were treated with 
sodium wire before used. Ether was distilled from lithium aluminium hydride. Thin 
layer chromatography (TLC) was performed on Merck plates coated to a thickness of 0.2 
mm with Kieselgel 60 F254 silica. For column chromatography Merck Kieselgel 60 
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PF254 silica (70-230 mesh) or Merck Kieselgel 60 PF254 silica (230-400 mesh) was 
employed. Fractions obtained from chromatography were monitored by TLC. 
The Grignard reagents prepared had not been titrated before treating with 
dithioacetals. 
3.2, Preparation of Dithioacetals 
General Procedure for Preparing Dithioacetals from Aldehydes. 
Aldehyde was mixed with one equiv of dithiol and a catalytic amount of boron trifluoride 
etherate (0.1-0.2 equiv) in chloroform solution. After being stirred for 3 to 6 h at room 
temperature, the reaction mixture was poured into water. The separated aqueous portion 
was extracted with chloroform. The combined organic portions were washed with 
aqueous NaOH (10%) and water, and dried over MgS〇4. The filtrate was evaporated in 
vacuo to give the crude product which was purif ied by recrystallization or 
chromatography on silica gel. 
2-(l-Naphthyl)-l ,3-dithiolane (65a). According to the general procedure 
described above, the reaction of 1-naphthaldehyde (7.8 g, 50 mmol), 1,2-ethanedithiol 
(4.4 mL, 52 mmol), and boron trifluoride etherate (1 mL, 8 mmol) in chloroform (50 
mL) afforded dithioacetal 6 5 a as oil (9.3 g, 80 %) : bp 120-124^0 (0.2 mm, Kugelrohr) 
[lit.52 1250c (0.3 mm)]; ^H NMR 5 3.20-3.37 (m，4 H), 6.35 (s, 1 H), 7.34-7.51 (m，3 
H)’ 7.67-7.79 (m’ 2 H), 7.97 (d，J = 7.3 Hz, 1 H)’ 8.12 (d’ J 二 8.3 Hz, 1 H); I3c 
NMR 5 39.5, 52.8, 123.2, 124.7，125.2, 125.6，126.1, 128.4，128.7, 131.1，133.8’ 
135.6. 
2 - ( 2 - N a p h t h y l ) . l , 3 - d i t h i o I a n e (65b). By employing the general 
procedure’ the reaction of 2-naphthaldehyde (1.56 g, 10 mmol), 1,2-ethanedithiol (1.0 
mL, 12 mmol) and boron trifluoride etherate (0.3 mL, 2 mmol) in chloroform (20 mL) 
gave dithioacetal 6 5 b (1.79 g, 77 %) : mp 146-147^0 (methanol) [lit.53 149-15()«C1; ^H 
5 0 
NMR 5 3.33-3.45 (m, 2 H)，3.48-3.59 (m, 2 H), 5.81 (s, 1 H), 7.42-7.48 (m, 2 l l j , 
7.66-7.88 (m, 5 H); ^ c NMR 5 40.3, 56.6’ 125.9, 126.2，126.3，126.5，127.6’ 
127.9，128.5, 133.1’ 133.2, 137.7. 
2 - ( 2 - B r o n i o p h e n y l ) . l , 3 . d i t h i o I a n e (65f) . According to the general 
procedure’ a chloroform solution (50 mL) of 2-bromobenzaldehyde (4.6 g, 25 mmol)， 
1,2-ethanedithiol (2.1 mL, 25 mmol) and boron trifluoride etherate (0.5 mL, 4 mmol) 
was allowed to react to give 6 5 f which was purified by distillation (6.2 g, 95 %) ： bp 
123-128°C (0.2 mm, Kugelrohr); IR (neat) v 3045, 2925, 1580，1460, 1440, 1275， 
1020，840，740 cm-l; iR NMR 5 3.31-3.50 (m, 4 H), 6.05 (s，1 H)，7.10 (dt, J = 1.7’ 
7.7 Hz, 1 H)，7.30 ( dt，J 二 1.2，7.7 Hz, 1 H), 7.52 (dd，J = 1.2’ 7.7 Hz, 1 H)，7.84 
(dd, J = 1.7，7.7 Hz, 1 H); 13c NMR 5 39.8，55.2，124.0，127.7，129.1，129.5，132.8， 
140.4; HRMS calcd for CgPipBrS: (M+) 259.9329’ found 259.9320. Anal, calcd : C， 
41.39; H, 3.47. Found : C，41.40; H, 3.56. 
2-(4-ChlorophenyI)- l，3-dithioIane (65g) . By using the general 
procedure described above, the reaction of 4-chlorobenzaledehyde (7.0 g，50 mmol), 
1,2-ethanedithiol (4.3 mL，51 mmol) and boron trifluoride etherate (1 mL, 8 mmol) in 
chloroform (100 mL) gave 6 5 g (9.0 g, 83 %) : mp I I 8 - I I 9 0 C (chloroform) [lit.54 
1190c]; IR (KBr) V 3035，2978，2909, 1593，1484, 1405，1280，1083，1012，850，833， 
752，688 cm-l; iR NMR 6 3.30-3.53 (m，4 H), 5.59 (s, 1 H), 7.27 (d，J = 8.5 Hz, 2 
H)’ 7.45 (d, J = 8.5 Hz, 2 H); 13c NMR 5 40.3，55.7，128.7, 129.4，133.8, 139.2; m/z 
216(M+)，189，153 (base peak). 
2-phenyl-l，3-dithiane (76a). According to the general procedure, 
benzaldehyde (10.6 g，0.1 mol) was allowed to react with 1,3-propanedithiol (10 mL, 
0.1 mol) and boron trifluoride etherate (2 mL, 16 mmol) in chlorofomi (150 mL) to give 
7 6 a (18.4 g’ 94 %) : mp 72-730C [ l i t ” 71-720C]; IR (KBr) v 3037’ 2937’ 1595，1497’ 
1482，1423’ 1375，1272’ 908’ 882, 724，692，670 cm-1; iH NMR 5 1.81-2.19 (m^ 
5 1 
2H)，2.83-3.10 (m, 4 H), 5.16 (s，1 H)，7.27-7.37 (m, 3 H), 7.43-7.48 (m, 2 H);丨3c 
NMR 5 25.1, 32.0，51.4，127.7, 128.3’ 128.6, 139.2; m/z 196 (M+)，105 (base peak). 
2 - ( 4 - T o l y l ) - l , 3 - d i t h i a n e (76b) . A chloroform solution (100 mL) of 4-
tolylaldehyde (5.9 mL, 50 mmol), 1,2-ethanedithiol (4.3 mL, 51 mmol) and boron 
trifluoride etherate (1 mL, 8 mmol) was allowed to react according to the general 
procedure to afford 76b (8.0 g, 81 %) : mp 83-840C [lit.56 82-83。C (light petroleum)]; 
IH NMR 5 1.80-2.19 (m, 2 H), 2.32 (s, 3 H), 2.83-3.09 (m, 4 H), 5.13 (s，1 H), 7.13 
(d，J 二 8.0 Hz, 2 H), 7.35 (d’ J 二 8.0 Hz, 2 H); I3c NMR 5 21.1, 25.2, 32.1，51.2， 
127.6，129.3, 136.3, 138.1. 
2-( l -NaphthyI)- l ,3 .di thiane (76c). By using the general procedure, the 
reaction of 1-naphthaldehyde (7.8 g，50 mmol), l，3-propanedithiol (5.2 mL, 52 mmol) 
and boron trifluoride etherate (1 mL, 8 mmol) in chloroform (50 mL) gave 76c (11.9 g, 
97 %) : mp 150-152OC (methanol) [lit.57 1520C]; IR (KBr) v 3052, 2956, 2936, 1599， 
1509，1421, 1275’ 1191，1001，906，861’ 779，674 c m ] ; i R NMR 5 2.01-2.24 (m, 2 
H)，2.92-3.24 (m, 4 H)，5.91 (s, 1 H), 7.42-7.59 (m，3 H), 7.78-7.86 (m, 3 H), 8.30 
(d，J 二 9.4 Hz, 1 H); 13c NMR 5 25.6, 32.8，48.5’ 123.4, 125.6，125.8’ 126.3，129.0’ 
130.0，134.0，135.2; m / z 246 (M+)，172 (base peak). 
2.(2-NaphthyI)-l,3.dithiane (76d). Via the general procedure, the reaction 
of 2-naphthylaldehyde (3.1 g, 20 mmol), 1,3-propanedithiol (2.1 mL, 21 mmol) and 
boron trifluoride etherate (0.5 mL, 4 mmol) in chloroform (30 mL) gave 76d (4.7 g, 96 
%) ： mp 109-llOoc (methanol) [lit.57 1150c]; IR (KBr) v 3041, 2928, 1630, 1600， 
1503，1418，1275, 1183，894，862, 814’ 775, 757, 471 c m ] ; iR NMR 5 1.86-2.04 (m, 
1 H)，2.11-2.22 (m, 1 H)，2.87-3.14 (m, 4 H), 5.32 (s, 1 H), 7.42-7.49 (m, 2 H), 
7.55-7.59 (m, 1 H), 7.77-7.83 (m, 3 H), 7.95 (s, 1 H); I3c NMR 5 25.2，32.1，51.6’ 
125.7’ 126.3’ 126.4，126.8, 127.6，128.0, 133.3’ 136.5; m/z 246 (M+)，171 (base 
peak). 
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2,2-DiphenyM,3-(Jithiolane (26). A chloroform solution (30 niL) of 
benzophenone (3.64 g, 20 mmol), 1,2-ethanedithiol (1.8 mL，22 mmol) and boron 
trifluoride etherate (0.5 mL, 4 mmol) was refluxed overnight. After the usual workup 
described in the general procedure, dithioacetal 26 was obtained (4.29 g, 83 %) : mp 
107-108OC (methanol) [lit.54 1050C]; VH NMR 5 3.40 (s, 4 H)，7.19-7.32 (m，6 H), 
7.59-7.63 (m, 4 H); 13c NMR 5 40.1’ 127.1, 127.9, 128.2, 144.7. 
Tetra lone dithioacetal (70).58 By employing the previous procedure, 
tetralone (1.46 g’ 10 mmol) was treated with 1,2-ethanedithiol (0.9 mL, 10 mmol) and 
boron trifluoride etherate (0.2 mL, 2 mmol) in chloroform (20 mL) to afford 70 (1.68 g, 
75 %) : bp 13(M35。C (0.3 mm); iR NMR 5 1.95-2,05 (m, 2 H), 2.37-2.41 (m，2 H), 
2.79 (t, J = 6.3 Hz, 2 H), 3.40-3.62 (m, 4 H), 6.98 (d，J 二 7.1 H z , 1 H)，7.06-7.24 (m, 
2 H), 7.91 (dd，J = 1.3’ 7.8 Hz, 1 H); 13c N M R 5 22.6, 29.3, 40.6，43.6，68.6，125.8, 
127.0, 128.4, 130.6, 137.0，138.9. 
2-MethyI-2-(2-naphthyl)-l,3-dithiolane(65e). According to the previous 
procedure, 2-acetylnaphthone (8.51 g, 50 mmol), 1,2-ethanedithiol (4.4 mL, 52 mmol) 
and boron trifluoride etherate (1 mL, 8 mmol) in chloroform (50 mL) were allowed to 
react to give 6 5 e (9.86 g, 80 %) : mp 72-730C (methanol); i R NMR 5 2.25 (s，3 H), 
3.36-3.55 (m, 4 H), 7.45-7.48 (m, 2 H), 7.78-7.88 (m，4 H), 8.16 (d，J = 1.4 Hz, 1 
H); 13c NMR 5 33.5，40.4，68.9，124.7，126.0, 126.1，126.2, 127.4，127.9，128.3， 
132.6，132.8, 143.2; HRMS calcd for C14H14S2 (M+) 246.0537, found 246.0507. 
Anal, calcd : C, 68.25; H, 5.73. Found : C，68.22; H, 5.85. 
2.MethyI-2- ( l -naphthyl ) - l ,3-di thioIane {65d).59 1-acetylnaphthone 
(8.5 g, 50 mmol) in acetic acid (80 mL) was treated with 1,2-ethanedithiol (4.2 mL, 50 
mmol), boron trifluoride etherate (1 mL, 8 mmol) and acetic anhydride (5 mL, 52 mmol). 
The pink solution was stirred at room temperature overnight. After the usual workup 
described in the general procedure, dithioacetal 65d was collected from chromatography 
with 10 % ethyl acetate in hexane as eluent. Further purification was performed by 
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distillation (10.5 g, 85 %) : bp 150-155OC (0.2 mm, Kugelrohr); IR (neat) v 3045, 2952, 
2905，1595’ 1502, 1430, 1390, 1335, 1270’ 1105，1075，850，800, 765 cn r ' ; U l NMR 
5 2.39 (s，3 H), 3.29-3.52 (m, 4 H), 7.35-7.55 (m, 3 H)，7.76 (d’ J 二 8.3 Hz, 1 H), 
7.86 (dd, J 二 1.6，8.0 Hz，1 H), 8.17 (dd，J = 1.2’ 7.4 Hz，1 H), 8.50 (d, J = 8.8 Hz, 1 
H); 13c NMR 5 34.3，39.4, 69.9，124.6, 124.7, 125.1, 125.3, 126.7, 129.0, 129.3, 
130.3，135.2, 140.9; m / z 246 (M+)’ 231，153 (base peak). 
General Procedure for Synthesizing 2-AryI-2.trimethylsiIyl-1,3-
dithianes 74. To a two-necked 100-mL flask equipped with a nitrogen inlet and a 
septum was charged with 2-aryl-l,3-dithianes (10 mmol) and THF (40 mL). The 
mixture was cooled to -50oC，then n-butyll ithium (1.65 M in hexane, 6.5 mL, 10.7 
mmol) was added through a syringe with stirring over a period of 5 min. The bath 
temperature was allowed to raise to SO^C (30 min), then trimethylsilyl chloride (1.5 mL, 
11.8 mmol) was injected via a syringe. The mixture was gradually warmed to room 
temperature with stirring (ca. 2 h) and then quenched with water (20 mL). The two layers 
were separated and the aqueous portion was extracted with ether (2 x 50 mL). The 
combined organic portions were washed with water (2 x 30 mL) and brine (30 mL). 
After drying over MgSO^ and filtering, the filtrate was evaporated in vacuo to afford 
crude 74. Pure products were obtained after recrystallization from ethanol or methanol. 
2.PhenyI-2-trimethyIsiIyM,3-dithiane (74a). According to the general 
procedure，2-phenyl-l,3-dithiane ( 7 6 a ) (1.96 g, 10 mmol) was transformed into 74a 
(2.4 g, 90 %) : mp 94.5-950C (methanol) [lit.^O 94.4-94.80C]; IR (KBr) v 3062, 2970’ 
2921，1592, 1482，1242, 1034，1024’ 867，736，705 cm-1; i H NMR 5 0.06 (s，9 H), 
1.84-2.12 (m，2 H), 2.43 (quasi dt, J = 14.1’ 3.6 Hz’ 2 H), 2.71-2.83 (m’ 2 H)’ 7.15-
7。21 (m, 1 H), 7.34-7.40 (m, 2 H), 7.88-7.92 (m，2 H); 13c NMR 5 -3.9’ 25.2, 25.3, 
47.6’ 125.2’ 128.2, 129.6’ 140.6; HRMS calcd for CisH^oSiS: (M+) 268.0776’ found 
268.0771. Anal, calcd : C，58.15; H, 7.51. Found : C’ 58.02; H, 7.41. 
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2 - ( 4 - T o l y l ) - 2 - t r i n i e t h y l s i l y I - l , 3 - d i t h i a n e ( 7 4 b ) . By e m p l o y i n g the 
general procedure, 2-(4-tolyl)-l,3-dithiane (76b) (2.10 g, 10 mmol) was convened to 
74b (2.32 g, 82 %) : mp 131-1320C (ethanol); IR (KBr) v 2935, 2899, 1493, 1413, 
1238，1004，915, 887, 850, 740，501 cnr】；^H NMR 5 0.06 (s’ 9 H), 1.84-2.09 (m，2 
H)’ 2.35 (s, 3 H), 2.42 (quasi dt，J = 14.0, 3.6 Hz, 2 H), 2.72-2.84 (m, 2 H), 7.17 (d， 
J = 8.4 Hz, 2 H), 7.76 (d，J 二 8.4 Hz, 2 H); 13c NMR 5 -3.9, 20.8，25.1, 47.4，129.1, 
129.6, 134.7, 137.4; HRMS calcd for Ci-HisSiS〗（M+) 282.0932, found 282.0921. 
Anal, calcd : C，59.52; H, 7.85. Found : C, 59,43; H，7.78. 
2- ( l -NaphthyI) -2- tr imethyIs i lyI - l ,3 -d i th iane (74c). 2-(l-Naphthyl)-
1,3-dithiane (76c) (2.46 g, 10 mmol) was converted to 74c by using the general 
procedure (3.0 g, 95 %) : mp 103-104OC (methanol) ； IR (KBr) v 3060，2960，1600’ 
1570，1510, 1393，1351, 1011’ 913，847，781, 762，427 c m ] ; iR NMR 5 0.14 (s, 9 
H)，1.79-2.10 (m，2 H), 2.52 (quasi dt, J = 14.3，3.6 Hz, 2 H), 2.77-2.87 (m，2 H)， 
7.36-7.52 (m, 3 H), 7.75 (d, J = 8.1 Hz, 1 H), 7.85 (partially resolved dd, J = 7.5 Hz, 
1 H), 8.40 (dd, J = 1.1，7.6 Hz, 1 H), 9.49 (br. d，J = 9.5 Hz, 1 H); I3c NMR 5 -1.8, 
24.8’ 26.3，51.2，123.5，125.1, 128.1，128.6，128.9, 131.8，132.7，135.3, 135.6; 
HRMS calcd for CnHzsSsSi (M+) 318.0932, found 318.0940。Anal, calcd : C, 64.08; 
H, 6.96. Found : C, 64.24; H, 6.80. 
2-(2-Naphthyl) .2-trimethyIsiIyI- l ,3-dithiane (74d). According to the 
general procedure, 2-(2-naphthyl)- l ,3-dithiane (76d) (2.46 g, 10 mmol) was 
transformed into 74d (2.93 g, 92 %) : mp 158-160^0 (methanol); IR (KBr) v 3060， 
2940, 2908，1597, 1503, 1251, 1007, 922，849，749，479 cm-l; iR NMR 5 0.11 (s，9 
H), 1.83-2.08 (m’ 2 H), 2.47 (quasi dt，J = 14.0’ 3.6 Hz’ 2 H), 2.75-2.87 (m，2 H)， 
7.44-7.52 (m, 2 H), 7.83-7.90 (m，3 H), 8.08 (dd，J = 2.0, 8.8 Hz, 1 H), 8.37 (d，J = 
2.0 Hz, 1 H); 13c NMR 5 -3.7, 25.2，25.3’ 47.8, 125.6’ 125.9, 127.3’ 127.7’ 127.8， 
128.1，128.7’ 131.5, 133.8，138.4; HRMS calcd for Ci7H22S2Si (M+) 318.0932， 
found 318.0919. Anal, calcd : C’ 64.08; H, 6.96. Found : C，63.82; H, 6.91. 
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丄丄 Preparation of Substituted Cyclopropyl Bromides 
l , l -Dibromo-2-n-butylcycIopropane (84a). To a 1-L round-bottomed 
flask containing potassium ten-butoxide (56 g, 0.5 mol) and hexane (300 mL) was added 
at QOC 1-hexene (125 mL, 1.0 mol). After thorough mixing, bromoform (44 mL, 0.5 
mol) was added over 3 h. The reaction mixture was stirred at room temperature 
overnight，then it was hydrolyzed with water (200 mL). The organic portion was 
separated’ washed with brine (3 x 50 mL), and dried over MgSO* After filtration, the 
filtrate was concentrated and then distilled (55.6 g, 43 %) : bp 28-30OC (0.3 min) [lit^Sb 
120-122OC (58 mm)]; iR NMR (90 MHz) 5 0.83-1.73 (m). 
l -Bronio-2-n.butyIcyclopropane (85a). To a 50-mL flask containing 
1,1 -dibromo-2-n-butylcyclopropane ( 8 4 a ) (10.0 g, 39 mmol) was added dropwise 
tributyltin hydride (10.5 mL, 39 mmol). The temperature of the mixture was kept 
below 40OC during the addition by external cooling. The mixture was stirred at ca. 40oC 
for 30 h, then the product was distilled (bp 60-8(PC’ 30 mm). The crude product was 
purified by fractional distillation (3.59 g, 52 %; cis-isomer : trans-isomer = 3 : 2 ) . The 
two isomers were not separated : bp 60-62OC (15 mm) [lit.61 73.5-74.20C (28.5 mm)]; 
cis-85a : I H NMR 5 0.46-1.57 (m, 12 H), 3.05 (dt, J = 4.3, 7.4 Hz, 1 H); trans-85a : 
i H NMR 5 0.46-1.57 (m，12 H), 2.56-2.62 (m，1 H). 
l , l - D i b r o m o - 2 - p h e n y l c y c l o p r o p a n e (84b) . To a 250-mL flask 
containing potassium tert-butoxide (13.5 g, 0.12 mol) and hexane (100 mL) was added at 
OOC styrene (27.5 mL, 0.24 mol). After thorough mixing, bromoform (10.6 mL, 0.12 
mol) was added over 30 min. The reaction mixture was stirred at room temperature 
overnight，then it was hydrolyzed with water (100 mL). The organic porticm was 
separated’ washed with brine (3 x 30 mL), and dried over MgSO-. After filtration, the 
filtrate was concentrated and then distilled to give 84b (11.9 g, 36%)： bp 72-740C 
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(0.3 mm) [ l i t .视 82-840C (0.55-0.60 mm)]; iR NMR 5 1.96 (quasi t, J 二 8.1 Hz，2 H)， 
2.07 (dd，J 二 7.8, 10.3 Hz, 1 H)’ 2.91 (dd’ J = 8.7，10.3 Hz，1 H), 7.19-7.23 (m，2 
H), 7.27-7.35 (m, 3 H); I3c NMR 5 27.3’ 28.4, 35.9’ 127.5, 128.2，128.8, 135.9. 
l-Bromo-2.phenyIcycIopropane (85b). To a 50-mL flask containing 1 , 1 -
dibromo-2-phenyIcyclopropane (84b) (11.9 g, 43 mmol) was added dropwise freshly 
distilled tributyltin hydride (11.6 mL, 43 mmol). The temperature of the mixture was 
kept below 40OC during the addition by external cooling. The mixture was stirred at 
room temperature overnight, then it was distilled to give the crude product (bp 50-60°C’ 
0.3 mm) which was purified by fractional distillation (6.7 g，79 %; cis-isomer : trans-
isomer 二 4 : 3). The isomers were not separated : bp 44-460C (0.3 mm) [lit.43d 45-5200 
(0.30-0.33 mm)]; cis-85b : iR NMR 5 1.28-1.61 (m，2 H)，2.25-2.42 (m, 1 H)，3.29 
(dt’ J 二 4.6，7.5 Hz, 1 H), 7.03-7.36 (m, 5 H); trans-85b : iR NMR 5 1.28-1.61 (m, 2 
H)，2.25-2,42 (m, 1 H), 2.98-3.04 (m, 1 H), 7.03-7.36 (m, 5 H). 
l , l - D i b r o m o - 2 , 2 . d i p h e n y I c y c l o p r o p a n e (84c). To a 250-mL flask 
equipped with an addition funnel and a stirrer was charged with potassium tert-butoxide 
(8.8 g, 79 mmol), 1,1-diphenylethylene (13.9 mL, 79 mmol) and hexane (100 mL) with 
ice-water bath cooling. After thorough mixing, bromoform (7.0 mL, 79 mmol) was 
added over 1 h. The reaction mixture was stirred at room temperature overnight, then it 
was hydrolyzed with water (200 mL). The pale yellow solid formed was filtered, 
washed with cold hexane (3 x 50 mL) and dried in vacuo (10.0 g, 36 %) ： mp 149-
1510C [lit.43c 151-1520C]; IH NMR 5 2.47 (s, 2 H), 7.22-7.35 (m, 6 H), 7.50-7.53 
(1X1，4 H); 13c NMR 5 33.9’ 34.7’ 45.2’ 127.3, 128.4，129.3, 142.0. 
l -Bromo.2,2-diphenylcycIopropane (85c). To a 100-mL flask fitted 
with a stirrer, a nitrogen inlet and an addition funnel was added l，l-dibromo-2’2_ 
diphenylcyclopropane (84c) (7.0 g, 20 mmol) in hexane (40 mL). Freshly distilled 
tribiuykin hydride (5.4 mL’ 20 mmol) was added over a period of 30 min under nitrogen. 
The temperature was maintained at about 20^0 and the mixture was stirred overnight 
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under nitrogen. On concentration and cooling, the product solidified and was filtered 
and washed with cold hexane (30 mL). The filtrate was evaporated again to give second 
crop of product. The crude product was purified by recrystallization (3.4 g, 62 %) ： mp 
77-790C (hexane) [lit.43d mp 79.5-81.50C]; ^H NMR 5 1.82 (dd’ J = 5.0’ 6.5 Hz，1 
H)，1.88 (dd, J = 6.5’ 7.7 Hz, 1 H), 3.68 (dd，J 二 5.0’ 7.7 Hz, 1 H)，7.19-7.42 (m’ 10 
H); 13c NMR 5 24.0，28.2’ 36.4’ 126.7’ 127.1’ 127.8，128.2’ 128.6，130.5, 140.8, 
144.3. 
7,7-Dibromobicyclo[4.1.0]heptane (84d). To a 500-mL flask containing 
potassium ten-butoxide (18 g, 0.16 mol) and hexane (150 mL) was added at (PC 
cyclohexene (32.4 mL, 0.32 mol). After thorough mixing, bromoform (13.5 mL, 0.15 
mol) was added over 1 h. The reaction mixture was stirred at room temperature 
overnight，then it was hydrolyzed with water (100 mL). The organic portion was 
separated, washed with brine (3 x 25 mL), and dried over MgS〇4. After filtration, the 
filtrate was concentrated and distilled to give 8 4 d (18.9 g, 50 %) ： bp 64-65。C (0.5 mm) 
[lit.43b 79-80OC (2 mm)] ； iR NMR (60 MHz) 5 1.1-2.0 (m). 
7-BromobicycIo[4.1.0]heptane (85(1). To a 100-mL flask equipped with 
an addition funnel, a nitrogen inlet and a stirrer was charged with 7,7-
dibromobicyclo[4.L0]heptane (84d) (18.9 g, 74.4 mmol). To this was added freshly 
distilled tributylt in hydride (20.0 mL，74.4 mmol) over 1 h under nitrogen. The 
temperature of the mixture was kept below 40oc during the addition by external cooling. 
The mixture was stirred at room temperature for a further 2 h, then the product was 
distilled (bp 4O-450C, 0.5 mm). The crude product was purified by fractional distillation 
(8.2 g’ 63 %; exo : endo = 2 : 7 ) . The two isomers were not separated : bp 34-360C (0.5 
mm) [lit.62 78oC (16 mm)]; exo-85d : ^H NMR 5 1.12-2.01 (m, 10 H), 2.60 (t’ J二 3.5 
Hz，1 H); endo-85d : ^H NMR 5 1.12-2.01 (m, 10 H), 3.28 (t, J = 7.8 Hz’ 1 H). 
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l J - D i b r o m o - 2 , 3 . t r a n s - d i p h e n y I c y c I o p r o p a n e (87). A mixture of 
phenyl(tribromomethyl)mercury76 (9.0 g, 口 mmol) and trans-stilbene (2.7 g, 15 mmol) 
in benzene (20 mL) was stirred at 90oC under nitrogen for 3 h. Dunng which time all of 
the starting materials dissolved，phenylmercuric bromide precipitated, and the mixture 
became slightly yellow. After filtration, phenylmercuric bromide (5.2 g, 86 %) was 
obtained. The filtrate was evaporated in vacuo and the desired product was collected after 
chromatographic separation with hexane as eluent (3.5 g, 64 %) ： mp 60-62^0 (ethanol) 
[lit.63 62-62.50C (ethanol)]; IR (KBr) v 3035, 1488，1443，1085，1046，1027，834， 
742，679 cm-l; iH NMR 5 3.27 (s, 2 H), 7.39-7.41 (m, 10 H); 13c NMR 5 36.6，40.4， 
127.9’ 128.5, 129.0，136.1. Anal, calcd for C i - H i s B r : : C, 51.17; H, 3.44. Found : C， 
51.25; H, 3.35. 
l-Bronio-2,3-cis,trans.diphenyIcyclopropane (88). To a 250-mL flask 
fitted with a magnetic stirring bar, a nitrogen inlet and an addition funnel was added 1,1-
dibromo-2,3-trans-diphenylcyclopropane (87) (11.2 g, 32 mmol) in hexane (80 mL). 
Freshly distilled tributyltin hydride (8.6 mL, 32 mmol) was added dropwise under 
nitrogen. The temperature of the mixture was kept below 30oC and the mixture was 
stirred for 14 h under nitrogen. On concentration, the residue was placed in freezer for 
solidification. After filtration and washing with cold hexane (3 x 20 mL), the desired 
product was obtained. Tlie filtrate was evaporated again to give second crop of product 
(8.1 g, 93 %) : mp 80-82OC (ethanol) [lit.63 83-840C (methanol)]; IR (KBr) v 3038’ 
1600，1496，1452’ 1283, 1236，1074，1025，754’ 739，696 c m ] ; iR NMR 5 2.68 
(quasi t，J = 7.6 Hz’ 1 H), 2.77 (dd, J = 4.5，6.9 Hz, 1 H), 3.54 (dd, J = 4.5，7.8 Hz, 1 
H), 7.19-7.37 (m, 10 H); 13c NMR 5 30.3, 32.0’ 32.5, 126.4’ 126.8，127.1’ 128.1, 
128.7’ 129.2，136.6，139.6. 
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丄义 Coupling Reaction of Cyclopropyl-，Cyclobutyl- or Cyclopenlyl-
magnesium bromide with Benzylic Dithioacetals 
General Procedure. Magnesium turning (97 mg, 4 mmol) was placed in a 25-
mL flask equipped with a stirrer，a condenser and a nitrogen inlet. The whole apparatus 
was flame-dried and flushed with nitrogen. Cyclopropyl bromide (0.32 mL, 4 mmol), 
cyclobutyl bromide (0.38 mL, 4 mmol) or cyclopentyl bromide (0.43 mL, 4 mmol) in 
THF (6 mL) was added under nitrogen and the reaction mixture was stirred for 30 min 
until all the magnesium turning was dissolved. THF was then removed in vacuo and 
dithioacetal (1 mmol), NiCl2(PPh3)2 (33 mg, 5 mol %) and benzene (10 mL) were 
added under nitrogen. The whole mixture was then stirred and refluxed for 18 to 24 h in 
nitrogen atmosphere. The resulting solution was quenched with saturated NH4CI (10 
mL)，then diluted with ether (60 mL). The organic portion was washed with aqueous 
NaOH (10 %’ 3 X 30 mL) and water (2 x 30 ml). After drying over MgS〇4 and 
filtering, the filtrate was evaporated in vacuo. The desired product was afforded after 
chromatographic separation with hexane as eluent. 
(E)- l - ( l -NaphthyI)- l，3-butadiene (66a). According to the general 
procedure，2-(l-naphthyl)-l,3-dithiolane ( 6 5 a ) (230 mg, 1 mmol), upon treatment with 
cyclopropylmagnesium bromide (4 mmol), was converted to diene 6 6 a (120 mg, 66 %) 
: bp 125-1280C (0.2 mm, Kugelrohr) [lit.64 134-1360C (0.2 mm)]; IR (neat) v 3058, 
2964，1633’ 1593，1509’ 1393，1261，1002, 795，774 c m ] ; iR NMR 5 5.23 (partially 
resolved dd, J = 10.5 Hz’ 1 H), 5.39 (partially resolved dd, J = 16.6 Hz, 1 H), 6.66 (dt, 
J = 16.6’ 10.5 Hz, 1 H), 6.85 (dd, J = 10.5，15.3 Hz，1 H), 7.31-8.16 (m, 8 H); I3c 
NMR 5 117.9，123.5，123.7’ 124.0，125.6，125.8, 126.1，128.0，128.6，129.7，132.5, 
133.9’ 134.7，137.5; nVz 180 (M+’ base peak)，179，165; HRMS calcd for C14H12 
(M+) 180.0939，found 180.0938. 
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( E ) . l . ( 2 - N a p h t h y l ) - l , 3 - b u t a d i e n e (66b). By employing the general 
procedure’ 2-(2-naphthyl)-l,3-dithioIane (65b) (230 mg, 1 mmol) was allowed to react 
with cyclopropylmagnesium bromide (4 mmol) to afford diene 66b (130 mg, 72 %)： 
mp 79-810C; IR ( K B r ) v 3082’ 3053’ 3008, 1614，1586’ 1572，1003，817’ 742 cn r ! ; 
IH NMR 5 5.21 (partially resolved dd, J = 10.5 Hz, 1 H), 5.38 (partially resloved dd，J 
=口 . 0 Hz’ 1 H), 6.57 (dt, J = 17.0，10.5 Hz，1 H), 6.72 (d, J = 15.6 Hz, 1 H)’ 6.92 
(dd，J = 10.5，15.6 Hz’ 1 H), 7.40-7.81 (m, 7 H); 13c NMR 5 117.7，123.5，125.9’ 
126.3’ 126.5, 127.7, 128.0, 128.2, 130.0’ 133.0 (two overlapping signals), 133.7’ 
134.7，137.3; m/z 180 (M+)，179 (base peak), 178’ 165; HRMS calcd for C14H12 (M+) 
180.0939，found 180.0932. 
l , l -Diphenyl . l ,3 .butadiene (66c). According to the general procedure, 
2,2-diphenyl- l ,3-di thiolane (26) (260 mg, 1 mmol) was allowed to react with 
cyclopropylmagnesium bromide (4 mmol) to give diene 66c (180 mg, 88 %) ： bp 117-
1200c (0.2 mm, Kugelrohr) [lit.65 1300c (0.2 mm)]; IR (neat) v 3080，3055，3025， 
1494，1444, 905，765, 699 cm.l; iR NMR 5 5.12 (partially resolved dd, J = 10.1 Hz，1 
H)，5.38 (partially resolved dd, J = 16.8 Hz, 1 H), 6.44 (ddd, J = 10.1，11.0’ 16.8 Hz, 
1 H), 6.71 (d，J = 11.0 Hz, 1 H), 7.18-7.41 (m，10 H); 13c NMR 5 118.4，127.4， 
127.5，127.6，128.2，128.6’ 130.5，135.1，139.8’ 142.2，143.3; m/z 206 (M+，base 
peak)，205, 191，165, 128, 115, 91; HRMS calcd for C i ^ H ^ (M+) 206.1096，found 
206.1089. 
l .MethyI . l . ( l .naphthyI) . l ,3 .butadiene (66d). By employing the general 
procedure, 2-methyl-2-( 1 -naphthyl)-1,3-dithiolane (65d) (240 mg, 1 mmol) was 
treated with cyclopropylmagnesium bromide (4 mmol) to afford 66d (150 mg, 11 %； 
(E)-isomer : (Z)-isomer = 5 : 1). The two isomers were partially separated by column 
chromatography with hexane as eluent; (E)-66d : IR (neat) v 3057, 3005, 2967，1639’ 
1595’ 1022’ 801’ 111 c m ] ; i H NMR 5 2.27 (s，3 H), 5.20-5.29 (m，2 H)，6.17 (d，J 二 
10.9 Hz, 1 H)’ 6.84 ( dt，J 二 16.8’ 10.9 Hz’ 1 H), 7.28-7.97 (m’ 7 H); I3c NMR 5 
6 1 
19.4’ 117.2, 124.8，125.4’ 125.6, 125.8’ 125.9，127.2, 128.4, 130.9，131.3, 133.2, 
137.6，143.5; HRMS calcd for C15H14 (M+) 194.1096，found 194.1076; (Z)-66d has 
not been purified : ^H NMR 5 2.18 (s’ 3 H), 4.81 (partially resolved dd, J = 10.3 Hz, 1 
H)’ 5.14 (partially resolved dd, J = 16.9 Hz, 1 H)，5.88 (dt, J = 16.9，10.5 Hz，1 H)’ 
6.38 (d, J = 10.7 Hz, 1 H)’ 7.19-8.09 (m, 7 H). 
l -MethyI . l . (2 -naphthyI) . l ,3 .butadiene (66e). According to the general 
procedure，2-methyl-2-(2-naphthyl)-l,3-clithiolane (65e) (240 mg, 1 mmol), upon 
treatment with cyclopropylmagnesium bromide (4 mmol), was transformed into diene 
66e (140 mg, 75 %; (E)-isomer : (Z)-isomer = 13 : 1). The two isomers were partially 
separated by column chromatography with hexane as eluent; (E)-66e : mp 45-480C; IR 
(KBr) V 3056’ 2964，1631，1598，1503, 1435, 1412，1382, 1019, 989, 897’ 854，816’ 
747 cm-l; IH NMR 5 2.27 (s, 3 H), 5.23 (partially resolved dd, J = 10.0 Hz，1 H)，5.37 
(partially resolved dd, J = 16.5 Hz, 1 H), 6.62 ( d，J = 11.0 Hz, 1 H), 6.82 (ddd，J = 
10.0’ 11.0，16.5 Hz, 1 H), 7.38-7.84 (m, 7 H); 13c NMR 5 16.0, 117.7，124.2’ 124.6， 
125.8，126.2，127.6’ 127.8，128.2，128.4，132.9，133.7’ 136.6，140.4; m/z 194 (M+)， 
179 (base peak), 178，165, 152; HRMS calcd for C15H14 (M+) 194.1096，found 
194.1091; (Z)-66e has not been purified : i R NMR 5 2.18 (s，3 H)，4.96 (partially 
resolved dd, J = 10.0 Hz, 1 H), 5.21 (partially resolved dd, J = 16.8 Hz, 1 H), 6.22 (d, 
J = 11.0 Hz, 1 H), 6.45 (quasi dt, J = 16.8，10.6 Hz, 1 H), 7.33-7.83 (m，7 H). 
(E)- l . (2-CyclopropyIphenyl)- l ,3-butadiene (66f). By using the general 
procedure’ 2-(2-bromophenyl)-l,3-dithiolane (650 (260 mg, 1 mmol) was treated with 
cyclopropylmagnesium bromide (5 mmol) to give 66f (120 mg, 70 %) ： bp 95-lOOoC 
(0.2 mm); IR (neat) v 3082, 3003, 1598, 1482, 1453, 1002, 919，899，753 c n r l : i H 
NMR 5 0.65-0.76 (m, 2 H)’ 0.85-0.99 (m, 2 H), 1.87-2.02 (m，1 H)，5.17 (partially 
resolved dd’ J = 10.0 Hz’ 1 H), 5.33 (partially resolved dd’ J = 16.3 Hz，1 H)’ 6.58 (dt’ 
J = 16.3’ 10.0 Hz’ 1 H), 6.73 (dd, J = 10.0, 15.2 Hz，1 H)’ 7.02-7.09 (m，1 H)’ 7.12-
7.22 (m’ 3 H), 7.48-7.50 (m，1 H); 13c NMR 5 7.1’ 13.5, 117.2’ 125.3, 126.1’ 126.7’ 
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127.6’ 130.8, 130.9，137.5, 137.8，140.5; m/z 170 (M+)’ 155，141，129 (base peak), 
128, U5，91;HRMSca]cdforCi3Hi4(M+) 170.1096，found 170.1081. 
(E). l . (4.CycIopropyIphenyI). l ,3.butadiene (66g). By using the general 
procedure，the reaction of 2-(4-chIorophenyl)-l,3-dithioIane (65g) (220 mg, 1 mmol) 
and cyclopropylmagnesium bromide (5 mmol) afforded diene 66g (100 mg, 63 %) ： IR 
(neat) v 3082’ 3006, 2963，1610，1513, 1459’ 1436，1046，1018，965’ 902 c m ] ; iR 
NMR 5 0.66-0.72 (m，2 H), 0.92-1.00 (m, 2 H), 1.82-1.92 (m, 1 H), 5.13 (partially 
resolved dd, J = 10.2 Hz, 1 H), 5.30 (partially resolved dd, J = 16.8 Hz, 1 H), 6.49 (dt, 
J = 16.8，10.2 Hz, 1 H), 6.52 (d’ J = 15.3 Hz, 1 H), 6.74 (dd, J 二 10.2, 15.3 Hz，1 
H), 7.01 (d，J = 8.3 Hz，2 H), 7.29 (d’ J = 8.3 Hz, 2 H); I3c NMR 5 9.1, 15.3，116.8， 
126.0’ 126.5’ 128.8，132.8，137.4，143.7; m/z 170 (M+)，155，141，129 (base peak), 
128，115’ 91; HRMS calcd for C13H14 (M+) 170.1096，found 170.1093. 
Coupl ing Reac t ion of T e t r a l o n e Di th ioaceta l (70) with 
Cyclopropylmagnesium Bromide. According to the general procedure, dithioacetal 
70 (240 mg, 1 mmol) was allowed to react with cyclopropylmagnesium bromide (4 
mmol) to afford diene 72 (37 mg, 22 %) and vinylcyclopropane 71 (75 mg, 44 %). 
These two isomers were not separated. 71 : i R NMR 5 0.47-0.54 (m，2 H), 0.74-0.84 
(m，2 H), 1.56-1.68 (m, 1 H), 2.17-2.31 (m, 2 H), 2.63-2.83 (m, 2 H), 5.19 (dt，J = 
1.5，4.6 Hz, 1 H), 7.06-7.26 (m, 3 H), 7.63 (d, J = 6.7 Hz, 1 H); 72 : i R NMR 5 
1.82-1.87 (m, 2 H)，2.17-2.31 (m, 2 H), 2.63-2.83 (m, 2 H)，5.17 (partially resolved 
dd，J = 10.0 Hz, 1 H), 5.33 (partially resolved dd, J = 16.3 Hz, 1 H), 6.64 (d, J =11.0 
Hz, 1 H), 6.78 (ddd, J = 10.0，11.0，16.3 Hz’ 1 H), 7.06-7.26 (m, 4 H). 
Diphenylmethylenecyclobutane (115a). By using the general procedure’ 
2,2-diphenyl-l,3-dithiolane (26) (260 mg, 1 mmol) was treated with cyclobutyl-
magnesium bromide (4 mmol) to afford 115a (150 mg, 70 %) : mp 52-540C [lit.66 56-
56.50C (methanol)]; IR (KBr) v 2987, 2953，1640，1590，1490，1441’ 772’ 702 cn r l ; 
IH NMR 5 2.04 (quint，J = 7.8 Hz, 2 H), 2.92 (t’ J = 7.8 Hz, 4 H), 7.15-7.32 (m，10 
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H); 13c NMR 5 17.4’ 32.4，126.2’ 128.1，128.2，128.9’ 133.3，140.8’ 141.1; m / z 220 
(M+)，205, 192’ 191 (base peak), 165，129’ 115，91; HRMS calcd for C ^ H i ^ ( M ” 
220.1252, found 220.1250. 
2-NaphthyImethyIenecycIobutane (115b). By employing the general 
procedure, 2-(2-naphthyl)-l,3-dithiolane (65b) (230 mg, 1 mmol) was treated with 
cyclobutylmagnesium bromide (4 mmol) to give 115b (140 mg, 72 %) ： mp 71-730C; bp 
130-135OC (0.2 mm); IR (KBr) v 2913, 1406，1364, 1013, 962，947，894，869，811’ 
739 cm-1; I H NMR 5 2.08-2.21 (m, 2 H), 2.89-2.96 (m, 2 H), 3.12-3.18 (m’ 2 H), 
6.23 (quint, J 二 2.4 Hz, 1 H), 7.38-7.43 (m, 3 H), 7.59 (s, 1 H), 7.73-7.78 (m, 3 H); 
13c NMR 5 18.3, 32.9，121.2, 125.3，125.7, 126.0, 127.6, 127.8, 132.1，133.9， 
135.8，145.3; HRMS calcd for C15H14 (M+) 194.1096, found 194.1089. 
Coupl ing React ion of 2，2-DiphenyI-l，3-dithiolane (26) with 
Cyclopentylmagnesium Bromide. According to the general procedure, 26 (260 
mg，1 mmol) was coupled with cyclopentylmagnesium bromide to give diphenyl-
methylenecyclopentane (117) (45 mg, 19 %) and cyclopentyldiphenylmethane (118) 
(110 mg, 47 %); 117 : mp 62-640C (hexane) [lit.70 61-630C]; IR (KBr) v 3055, 2930, 
2864，1597，1494，1440，1073’ 1034，917’ 763’ 751，699 c m ] ; iR NMR 5 1.65-1.71 
(m，4 H), 2.37-2.43 (m’ 4 H), 7.17-7.32 (m, 10 H); 13c NMR 5 26.8，33.2，126.0， 
128.0，129.2, 143.5’ 143.6; HRMS calcd for CigHig (M+) 234.1409, found 234.1416; 
1 1 8 : mp 34-360C; IR (neat) v 3025, 2953, 2867, 1597, 1495，1450, 754, 744’ 701， 
602 cm-1; IH NMR 5 1.13-1.19 (m, 2 H)，1.52-1.63 (m, 6 H), 2.64-2.74 (m, 1 H), 
3.56 (d，J = 11.2 Hz, 1 H), 7.09-7.31 (m, 10 H); 13c NMR 5 25.4, 32.2, 44.5，58.7’ 
125.9’ 128.0，128.3’ 145.5; HRMS calcd for C18H20 (M+) 236.1565’ found 
236.1559. Anal, calcd : C，91.47; H，8.53. Found : C’ 91.21; H, 8.57. 
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丄5. Coupling Reaction of Cyclopropylmagnesium Bromide with 2-Aryl-
2-trimethylsilyl-l yS'dithianes 
General Procedure. To a 50-mL two-necked flask equipped with a stirrer 
and a condenser was placed magnesium turning (0.24 g, 10 mmol). The whole setup was 
flame-dried and flushed with dry nitrogen. Cyclopropyl bromide (0.8 mL, 10 mmol) in 
THF (6 mL) was then added under nitrogen and the mixture was stirred for half an hour 
until all the magnesium turning was dissolved. The solvent was removed in vacuo, and 
then dithianes 74 (1 mmol), NiCl2(PPh3)2 (67 mg, 10 mol%), benzene (4 mL) and 
toluene (4 mL) were added under nitrogen. The mixture was stirred and refluxed for four 
days，then it was quenched with saturated N H 4 C I (10 mL) and diluted with ether (60 
mL). The organic portion was separated, washed with aqueous NaOH (10 %, 3 x 30 
mL) and water (2 x 30 mL). Then it was dried over MgS〇4 and filtered. The filtrate 
was evaporated in vacuo and the crude product was purified by chromatography with 
hexane as eluent. 
(E)-l-PhenyI-l-triniethyIsilyl-l,3-butadiene (75a).68 By using the 
general procedure, 2-phenyl-2-trimethylsilyl-1,3-dithiane (74a) (270 mg, 1 mmol) was 
converted to 75a (140 mg, 70 %) : IR (neat) v 2956, 1600, 1565, 1494，1248, 941， 
898，836，701 cm- l ; i R N M R 5 0.10 (s, 9 H), 5.08 (dd, J = 1.9’ 9.9 Hz, 1 H) , 5.30 
(dd, J = 1.9, 16.9 Hz，1 H), 6.25 (quasi dt，J = 16.9，10.3 Hz, 1 H), 6.53 (d，J = 10.7 
Hz，1 H), 6.96-6.99 (m，2 H), 7.20-7.35 (m，3 H); 13c NMR 5 -1.6’ 118.5，125.6, 
127.9 (two overlapping signals), 134.5’ 138.9, 142.3’ 147.8; HRMS calcd for 
CisHigSi (M+) 202.1178, found 202.1178. 
(E)- l - (4-ToIyl ) - l - tr imethyIs i IyI- l ,3 -butadiene (75b). By using the 
general procedure, the reaction of 2-(4-tolyl)-2-trimethylsilyl-1,3-dithiane (74b) (280 
mg’ 1 mmol) gave diene 75b (160 mg, 74 %) : IR (neat) v 2957’ 2925, 1728, 1566’ 
1508’ 1457’ 1260, 1248’ 923’ 840 cm-l; ^H NMR 5 0.09 (s, 9 H)，2.35 (s, 3 H)，5.07 
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(dd’ J 二 2.0，10.1 Hz’ 1 H), 5.29 (dd，J = 2.0’ 16.8 Hz, 1 H)，6.28 (quasi dt，J = 16.8, 
10.3 Hz, 1 H)’ 6.52 (d, J = 10.7 Hz, 1 )，6.87 (d，J = 8.0 Hz, 2 H)，7.12 (d，J = 8.0 
Hz，2 H); 13c NMR 5 -1.6，21.1, 118.3，127.8’ 128.7，134.6’ 135.1, 138.8, 139.1, 
147.8; HRMS calcd for Ci-HaoSi (M+) 216.1334’ found 216.1328. 
( E ) - l - ( l - i N a p h t h y l ) - l - t r i m e t h y I s i I y M , 3 - b u t a d i e n e (75c) . By 
employing the general procedure, 2-( 1 -naphthyl)-2-trimethylsilyl-1,3-dithiane (74c) 
(320 mg, 1 mmol) was converted to the diene 7 5 c (200 mg, 79 %) : IR (neat) v 3057, 
2955，1589, 1577, 1561, 1504, 1389, 1247, 928, 898, 839，791，774，755 cn r l ; iR 
NMR 5 0.07 (s, 9 H), 4.98 (dd, J = 1.8’ 9.9 Hz, 1 H), 5.30 (dd, J = 1.8，17.0 Hz, 1 
H)’ 5.91 (quasi dt, J = 17.0，10.3 Hz, 1 H), 6.78 (d, J = 10.6 Hz, 1 H), 7.04 (dd, J = 
1.1，7.0 Hz, 1 H), 7.40-7.48 (m, 3 H), 7.71-7.86 (m，3 H); 13c NMR 5 -1.5，118.8， 
124.6，125.3, 125.4, 125.6, 126.0，126.5, 128.2, 131.4’ 133.7，134.8，139.8, 140.5， 
145.9; HRMS calcd for CpHsoSi (M+) 252.1334, found 252.1338. Anal, calcd : C， 
80.89; H, 7.99. Found : C, 80.28; H, 8.11. 
( E ) - l - ( 2 - N a p h t h y I ) - l . t r i m e t h y l s i I y M , 3 - b u t a d i e n e (75d) . By 
employing the general procedure, 2-(2-naphthyl)-2-trimethylsilyl-1,3-dithiane (74d) 
(320 mg, 1 mmol) was transformed into 7 5 d (210 mg, 81 %) : mp 52-540C; IR (KBr) v 
3054，2956, 1728, 1628, 1597，1562，1502, 1247, 931，864，853, 838, 807，742, 476 
cm-1; I H NMR 5 0.13 (s’ 9 H), 5.07 (dd, J = 1.9，10.0 Hz, 1 H), 5.33 (dd, J = 1.9， 
16.9 Hz, 1 H), 6.26 (quasi dt, J = 16.9，10.3 Hz，1 H), 6.60 (d，J 二 10.6 Hz, 1 H)， 
7.13 (dd, J = 1.6，8.4 Hz, 1 H), 7.41-7.48 (m’ 3 H), 7.78-7.85 (m, 3 H); I3c NMR 5 -
1.5，118.8’ 125.2, 125.9, 127.1，127.6’ 127.7，131.9’ 133.5，134.6，139.3’ 140.0’ 
147.8; HRMS calcd for Ci7H2oSi (M+) 252.1334, found 252.1331. Anal, calcd : C， 
80.89; H, 7.99. Found : C, 80.29; H，8.10. 
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3.6. Coupling Reaction of Substituted Cyclopropylmagnesium Bromides 
with Benzylic Dithioacetals 
General Procedure. Magnesium powder (0.24 g, 10 mmol) was placed in a 
50-mL flask fitted with a stirrer, a condenser and a nitrogen inlet. The whole set-up was 
flame-dried and flushed with nitrogen. Substituted cyclopropyl bromide (4 mmol) in 
THF (6 mL) and a catalytic amount of ethylene dibromide (0.1 mL) were then added 
under nitrogen. The exothermic reaction brought the solution to reflux and the mixture 
was stirred at room temperature for 30 min to 4 h. The solvent was removed in vacuo, 
then dithioacetal (1 mmol), NiCl2(PPh3)2 (33 mg, 5 mol%) and toluene (10 mL) were 
added under nitrogen. The mixture was refluxed for 48 to 60 h in nitrogen atmosphere. 
The resulting solution was quenched with saturated N H 4 C I (10 mL), then diluted with 
ether (60 mL). The organic portion was washed with aqueous NaOH (10 %, 3 x 30 
mL) and water (2 x 30 mL). After drying over MgS04 and filtering, the filtrate was 
evaporated in vacuo. The desired product was collected after chromatographic separation 
with hexane as eluent. 
Coupling Reaction of 2,2-Diphenyl-l ,3-dithiolane (26) with 2-n-
Butylcyclopropylmagnesium Bromide (92). According to the general procedure, 
2-n-butylcyclopropyl bromide ( 8 5 a ) (0.45 g, 4 mmol) was converted to the 
corresponding Grignard reagent 92 by stirring with magnesium powder (10 mmol) for 1 
h. 2,2-Diphenyi-1,3-dithiolane ( 2 6 ) (260 mg, 1 mmol), upon treatment with this 
Grignard reagent, was transformed into (E)-1 -n-butyl-4,4-diphenyl-1,3-butadiene (90a) 
(80 mg, 31 %) and 2-n-butyl-4’4-diphenyl-l’3-butadiene ( 9 1 a ) (80 mg, 31 %). These 
isomers were not separated; 9 0 a : iR NMR 5 0.88-1.40 (m，7 H)，1.80-2.20 (m，2 H), 
4.79 (br. s，1 H)，4.89 (br. s, 1 H), 6.51 (s, 1 H), 7.10-7.40 (m, 10 H); 91a : iH NMR 
5 0.88-1.40 (m, 7 H), 1.80-2.20 (m’ 2 H), 5.81-5.94 (m, 1 H), 6.15 (dd, J = 10.0, 
15.1 Hz，1 H), 6.66 (d, J = 10 Hz’ 1 H)’ 7.10-7.40 (m，10 H). 
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Coupl ing Reaction of 2 ,2 -Dipheny l - l , 3 -d i th ioIane (26) with 2-
PhenylcyclopropylTTiagnesium B rom ide (93). By employing the general 
procedure with the exception that 6 equiv of the Grignard reagent was used, l-bromo-2-
phenylcyclopropane (85b) (1.2 g, 6 mmol) was stirred with magnesium powder (0.3 g, 
12 mmol) in THF (6 mL) for 1 h to give the corresponding Grignard reagent 93. 
Dithioacetal 26 (260 mg, 1 mmol), upon treatment with this Grignard reagent, was 
transformed into (E)-1,1,4-triphenyl-1,3-butadiene (90b) (150 mg, 53 %) and 1,1,3-
triphenyl-l,3-butadiene (91b) (20 mg, 9 %); 90b : mp 94-95^0 [nt.65 96.5-97.50C]; 
IR (KBr ) V 3064，3036，1599，1497，1490，1446，972，966，774，767，753，701，695， 
689 cm-l; I H NMR 5 6.69-6.78 (m, 1 H), 6.84-6.96 (m, 2 H), 7.13-7.44 (m, 15 H); 
13c NMR 5 126.5，127.2，127.5, 127.6’ 128.2，128.6，130.6，133.9, 137.7，139.9， 
142.4，143.3; m/z 282 (M+, base peak), 191’ 165; HRMS calcd for C22H18 (M+) 
282.1409, found 282.1404. Attempts to purify 9 1 b were not successful; iR NMR 5 
5.03 (d, J = 1.3 Hz, 1 H), 5.38 (d，J = 1.3 Hz, 1 H)，6.74 (s, 1 H), 7.06-7.40 (m, 15 
H). 
(E ,E)- l ,4 -DiphenyM,3-butadiene (94). By using the general procedure 
with the exception that 6 equiv of the Grignard reagent was used, l-bromo-2-
phenylcyclopropane ( 8 5 b ) (1.2 g，6 mmol) was converted to the corresponding 
Grignard reagent 9 3 by stirring with magnesium powder (0.3 g, 12 mmol) in THF (6 
mL) for 1 h. 2-Phenyl-l,3-dithiane (76a) (200 mg, 1 mmol) was then treated with this 
Grignard reagent to give the desired product (170 mg, 78 %) : mp 149-152^0 (hexane) 
[lit.69 152.5-153.50C]; IR (KBr) v 3023’ 1490’ 1445, 1073，992, 912，830，738，687 
cm- l ; IH NMR 5 6.67 (dd’ J = 2.9，12.0 Hz, 2 H), 6.96 (dd，J = 2.9，12.0 Hz’ 2 H), 
7.20-7.46 (m，10 H); I3c NMR 5 126.5，127.6’ 128.7，129.4’ 132.9. 137.6; m / z 206 
(M+)’ 205, 129, 128’ 115, 91 (base peak); HRMS calcd for C16H14 (M+) 206.1096’ 
found 206.1094. Anal, calcd : C’ 93.15; H’ 6.85. Found : C，92.97; H，6.59. 
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1,4,4 - T e t r a p h e n y l -1,3-butadiene (99a). According to the general 
procedure, 2,2-(Jiphenylcyclopropylmagnesium bromide (100) was prepared by stirring 
a mixture of 2,2-diphenylcyclopropyl bromide (85c) (1.1 g, 4 mmol) and magnesium 
powder (10 mmol) in THF (6 mL) for 30 min. 2,2-Diphenyl-l,3-dithioIane (26) (260 
mg，1 mmol) was then treated with this Grignard reagent to give the diene 99a (300 mg, 
87 %) : mp 198-1990C (hexane) [lit.70 202oC]; IR (KBr) v 3057, 1599, 1497，1444， 
1351’ 1076’ 1029’ 764, 704’ 691 c m ] ; i H NMR 5 6.78 (s, 2 H), 7.14-7.46 (m, 20 H); 
13c NMR 5 126.0，127.3, 127.5, 127.7，128.2, 128.3，130.7’ 140.1, 142.6’ 144.1; 
HRMS calcd for C28H22 (M+) 358.1722, found 358.1722. 
( E ) - l , l , 4 - T r i p h e n y M , 3 - b u t a d i e n e (90b) . By using the general 
procedure, 2,2-diphenylcyclopropylmagnesium bromide (100) was prepared by stirring 
a mixture of 2,2-diphenylcyclopropyl bromide ( 8 5 c ) (1.1 g, 4 mmol) and magnesium 
powder (10 mmol) in THF (6 mL) for 30 min. It was then allowed to react with 2-
phenyl-l,3-dithiane ( 7 6 a ) (200 mg, 1 mmol) according to the general procedure to 
afford the diene 9 0 b (190 mg, 69 %). The spectra of this compound were identical with 
those of the compound reported above. 
Coupling Reaction of 2-PhenyI-l ,3-dithiane (76a) with (E)-2,3-
Diphenylcyclopropylmagnesium Bromide (101). According to the general 
procedure, l-bromo-2,3-cis,trans-diphenylcyclopropane (88) (1.1 g, 4 mmol) was 
converted to the corresponding Grignard reagent 107 by stirring with magnesium 
powder (10 mmol) in THF (6 mL) for 1 h. 76a (200 mg, 1 mmol), upon treatment with 
this Grignard reagent，was transformed into (Z,E)-1,2,4-triphenyl-1,3-butadiene (104a) 
(80 mg, 29 %) and (E,E)-1,2,4-triphenyl-1,3-butadiene (104b) (110 mg, 39 %); 104a : 
mp 105-108OC [lit.71 l lQoc (isopropanol)]; IR (KBr) v 3056’ 3022，1597, 1494’ 1443, 
753’ 698 cm-1; ^H NMR 5 6.56 (d’ J = 16.2 Hz，1 H), 6.64 (s, 1 H), 7.21-7.49 (m，16 
H); 13c NMR 5 126.7’ 127.1’ 127.2, 127.5’ 127.6’ 128.2，128.3’ 128.6, 129.3’ 
129.7’ 131.3, 134.2，137.6’ 137.7’ 141.3’ 142.3; m/z 282 (M+)’ 191’ 162 (base peak), 
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113; HRMS calcd for C22H18 (M+) 282.1409, found 282.1408; 104b : mp 7073()C; IR 
(KBr) V 3025, 1595, 1570’ 1489，1444, 750，704，691 cm-1; ^H NMR 5 6.15 (d, J 二 
15.9 Hz, 1 H), 6.72 (s, 1 H), 6.88-6.91 (m, 2 H), 7.07-7.43 (m, 14 H); I3c NMR 5 
126.5’ 126.9’ 127.4, 128.0, 128.6’ 128.9, 129.4, 129.6, 131.3，131.9’ 134.4，136.8， 
137.4’ 138.3, 141.7; m/z 282 (M+’ base peak)，205, 191，162，113; HRMS calcd for 
C22H18 (M+) 282.1409, found 282.1422. 
Coupling Reaction of 2，2-Diphenyl-l，3-dithiolane (26) with 7-
Norcary lmagnes ium Bromide (106). According to the general procedure, 7-
bromobicydo[4.1.0]heptane (85d) (0.7 g, 4 mmol) was converted to the corresponding 
Grignard reagent 106 by stirring with magnesium powder (10 mmol) in THF (6 mL) for 
4 h. Dithioacetal 26 (260 mg, 1 mmol), upon treatment with this Grignard reagent, was 
transformed into 3-(2,2-diphenylethenyl)-cyclohexene (107a) (70 mg, 27 %) and 4-
(2,2-diphenylethenyl)-cyclohexene (108a) (100 mg, 40 %). Attempts to separate these 
two isomers were unsuccessful; 107a : iR NMR 5 1.40-1.60 (m, 4 H), 1.92-2.14 (m, 2 
H)，2.86-2.98 (m, 1 H)，5.49-5.75 (m, 2 H), 5.93 (d, J = 10.4 Hz, 1 H)，7.16-7.39 (m， 
10 H); 1 0 8 a : IH NMR 5 1.68-1.80 (m，2 H), 1.92-2.14 (m, 4 H), 2.36-2.48 (m, 1 H), 
5.49-5.75 (m, 2 H), 5.99 (d’ J = 10.0 Hz, 1 H), 7.16-7.39 (m，10 H). 
Coupl ing React ion of 2 - P h e n y M , 3 - d i t h i a n e (76a) with 7-
Norcarylmagnesium Bromide (106). According to the general procedure, 7-
bromobicyclo[4.1.0]heptane (85d) (0.7 g, 4 mmol) was converted to the corresponding 
Grignard reagent 1 0 6 by stirring with magnesium powder (10 mmol) in THF (6 mL) for 
4 h. The Grignard reagent was then allowed to react with dithioacetal 7 6 a (200 mg, 1 
mmol) to give 3-(E)-styrylcyclohexene (107b) (70 mg, 40 %) and 4-(E)-styryl-
cyclohexene (108b) (50 mg, 27 %). Attempts to separate these two isomers were not 
successful; 107b49 ： iH NMR 5 1.44-1.92 (m, 4 H)’ 1.98-2.16 (m, 2 H), 2.86-3.00 
(m，1 H), 5.60-5.84 (m，2 H)’ 6.18 (dd’ J = 7.3’ 15.9 Hz’ IH), 6.40 (d’ J == 15.9 Hz, 1 
H)’ 7.16-7.41 (m’ 5 H); 108b72 ： iH NMR 5 1.44-1.92 (m’ 2 H), 1.98-2.16 (m，4 H), 
7 0 
2.36-2.50 (m, 1 H)，5.60-5.84 (m, 2 H)’ 6.23 (dd，J = 7.0’ 16.0 Hz’ 1 H)，6.38 (d, J 二 
16.0 Hz’ 1 H), 7.16-7.41 (m’ 5 H). 
3.7. Miscellaneous Syntheses 
[ l ,2-Bis(diphenyIphosphino)ethane] nickel dichloride.73 a solution 
of NiCl2.6H2〇(2.4 g, 0.01 mol) in ethanol (10 mL) was added a boiling solution of 
triphenylphosphine (5.3 g, 0.02 mol) in glacial acetic acid (50 mL). The mixture was 
well shaked and the microcrystalline precipitate formed was kept in contact with its 
mother-liquor for 24 h to give dark purple crystals which were filtered off, washed with 
n-hexane, and dried under vacuum (4.8 g, 73%). 
Tributyltin hydride. To a 1-L flask equipped with a nitrogen inlet, an 
addition funnel and a stirrer was placed L iA lH- (3.1 g, 81 mmol) and anhydrous ether 
(300 mL). Tributyltin chloride (54.2 mL, 0.2 mol) was added dropwise under nitrogen 
and the whole mixture was cooled in an ice-water bath. The mixture was stirred at the 
bath temperature for 15 min and then at room temperature for 3 h. Water (100 qiL) was 
slowly added to hydrolyze the mixture which was cooled in an ice-water bath. The ether 
layer was separated and was washed with water (3 x 100 mL). After drying over 
MgS〇4，the ether solution was concentrated in vacuo and the product was distilled (46.4 
g, 80 %) : bp 66-680C (0.3 mm) [lit.74 bp 68-740C (0.3 mm)]; iR NMR 5 0.86-1.68 
(m，27 H), 5.28-5.29 (m，1 H); 13c NMR 5 13.5, 17.5，26.8, 27.9. 
Phenylmercuric B r o m i d e . 4 6 Magnesium (2.4 g, 0.1 mol) was placed in a 
500-mL flask equipped with a stirrer, a condenser and an addition funnel. The whole 
setup was flame-dried, then bromobenzene (15.7 g, 0.1 mol) in THF (150 mL) was 
added dropwise over 30 min. After stirring for further 1 h, the mixture was cooled in an 
ice-water bath. Mercuric bromide (36 g, 0.1 mol) was then added in small portion under 
nitrogen. The mixture was stirred at room temperature overnight, then water (200 mL) 
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was added. After filtration, the product obtained was washed with water (3 x 100 mL) 
and dried in vacuo (35.8 g, quantitive). 
Phenyl(tribromomethyl)mercury (86). To a 100-mL flask containing 
potassium tert-butoxide (5.0 g, 44 mmol) was added THF (30 mL). The mixture was 
stirred under nitrogen for 15 min. To this mixture was added tert-butanol (3.3 g, 44 
mmol) in THF (10 mL) over 2 min. The resulting suspension was then transferred to an 
addition funnel and added to a solution of phenylmercuric bromide (11.4 g, 32 mmol) 
and bromoform (4.4 mL’ 48 mmol) in THF (60 mL) precooled at -250C over a period of 
10 min. Upon completion of the addition, the reaction mixture was stirred for a further 10 
min at then the solvent was evaporated at reduced pressure (temp, should be kept 
below 250c). 
Benzene (150 mL) was added to the dry residue and the mixture was shaken until 
the solid had partially dissolved. Subsequently, distilled water (100 mL) was added and 
the mixture was shaken thoroughly. The phases were allowed to settle and the benzene 
layer was decanted to a conical flask. The aqueous layer was washed with benzene (30 
mL). The combined benzene portions were dried over MgS04. After filtration and 
evaporation, the residue was dissolved in boiling hexane/chloroform ( 3 : 1 ) (ca. 200 
mL). The warm solution was then filtered and the filtrate was placed in freezer at once. 
The product was collected after filtration and it was washed with cold hexane (100 mL). 
The filtrate was evaporated and recrystallized again to give a second crop of product (9.8 
g，58 %) : mp 118-1190c [lit.46 119-120OC]. 
(E)-l-PhenyI-2-tributyIstannyIethene (113). A mixture of tributyltin 
hydride (10.9 g, 37 mmol) and phenylacetylene (4.1 mL, 37 mmol) was heated to 5(PC 
under nitrogen. The mixture was then irradiated under 125 W U.V. light for 4 h. Then it 
was distilled to give 1 1 3 (11,5 g, 78 %) : bp 132-1360C (0.2 mm) [lit.47 UQOC (bath 
temp. 0.1 mm)]; iH NMR 5 0.79-1.00 (m, 15 H)’ 1.22-1.65 (m，12 H)’ 6.87 (br. s’ 2 
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H)’ 7.18-7.43 (m, 5 H); 13c NMR 5 9.8，13.6, 27.3, 29.2’ 126.0，127.5, 128.5, 
129.7’ 139.4, 146.2. 
(E)-l-Iodo-2-phenylethene (114). A solutin of iodine (2.54 g, 10 mmol) 
in carbon tetrachloride (50 mL) was added dropwise to a solution of (E)-l-phenyl-2-
tributylstannylethene (113) (3.93 g, 10 mmol) in CCI4 (150 mL). The mixture was 
stirred at room temperature overnight then the solvent was evaporated in vacuo. After 
chromatographic separation with hexane as eluent, the desired product was distilled (1.6 
g, 70 %) : bp 75-80OC (1.0 mm, Kugelrohr) [lit.75 70-75OC (1 mm)]; iR NMR 5 6.80 
(d，J = 14.9 Hz, 1 H)’ 7.28-7.31 (m, 5 H)，7.41 (d, J = 14.9 Hz, 1 H); 13c NMR 5 
126.0, 128.3, 128.7’ 137.8, 145.0. 
Coupl ing React ion of ( E ) - l - i o d o - 2 - p h e n y l e t h e n e (114) with 
cyclohexene. To a 25-mL flask equipped with a stirrer, a condenser and a nitrogen 
inlet was placed (E)- l-iodo-2-phenylethene ( 1 1 4 ) (230 mg, 1 mmol), cyclohexene (410 
mg，5 mmol), Pd(〇Ac)2 (7 mg, 3 mol %), triphenylphosphine (24 mg, 9 mol %)’ silver 
carbonate (550 mg, 2 mmol) and acetonitrile (12 mL). The mixture was stirred at 80^0 
under nitrogen for 48 h. After evaporating the solvent, the residue was subjected to 
chromatography with hexane as eluent to give 3-(E)-styrylcyclohexene (107b) and 4-
(E)-styrylcyclohexene (108b) as inseparable mixture (83 mg, 45 %; 107b : 108b = 5 : 
I). The NMR data of these compounds were identical with those of the compounds 
reported above. 
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Appendix 3. ^H NMR spectrum of (E)-1-(4-eyelopropyIpheny1)-
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Appendix 4. ^H^NMR spectrum of 2-naphthylmethylenecyclobutane 
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Appendix 6. ^H NMR spectrum of (E)-l-(4-tolyl)-1-trimethyi-
silyl-1,3-butadiene (75b) 
1 I I I -
I 丨： 
\ _ I 
- - . 一 — - - — -— - 一 - • - — . . .. - — — — V , — • 
— — , 二） 
\ 1 ^ 
⑴ 、丨丨_ 
1 I丨: 










j J > 
85 
I Appendix 7. H NMR spectrum of (E)-1-(2-naphthyl)-1-trimethyl-
silyl-1,3-butadiene (75d) 
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